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PREFACE 


™@ Objectives and targeted reader 
FR81 Family is a 32 bit single chip microcontroller with CPU of new RISC Architecture as the core. FR81 
Family has specifications that are optimum for embedded use requiring high performance CPU processing 
power. 
This manual explains the programming model and execution instructions for engineers developing a 
product using this FR81 Family Microcontroller, especially the programmers who produce programs using 


assembly language of the assembler for FR/FR80/FR81 Family. 
For the rules of assembly grammar language and the method of use of Assembler Programs, kindly refer to 
"FR Family Assembler Manual". 
*: FR, the abbreviation of Fujitsu RISC controller, is a line of products of Fujitsu Microelectronics Limited. 
Other company names and brand names are the trademarks or registered trademarks of their respective 
owners. 

@ Organization of this Manual 
This manual consists of the following 7 chapters and 1 supplement. 
CHAPTER 1 OVERVIEW OF FR81 FAMILY CPU 

This chapter describes the features of FR81 Family CPU and its differences from hitherto FR Family. 

CHAPTER 2 MEMORY ARCHITECTURE 


This chapter describes Memory Architecture of the CPU of FR81 Family. Memory Architecture is the 
method of allocation of memory space and access to this memory space. 


CHAPTER 3 PROGRAMMING MODEL 
This chapter describes registers in the CPU existing as programming model of FR81 Family CPU. 
CHAPTER 4 RESET AND "EIT" PROCESSING 


This chapter describes resetting of FR81 Family CPU and EIT processing. EIT processing is the generic 
term for exceptions, interruption and trap. 


CHAPTER 5 PIPELINE OPERATION 


This chapter describes pipeline operation and delay divergence, the salient feature of FR81 Family CPU. 
CHAPTER 6 INSTRUCTION OVERVIEW 

This chapter describes outline of commands of FR81 Family CPU. 
CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


This chapter describes Execution Instructions of FR81 Family CPU in Reference Format in the 
alphabetical order. 


APPENDIX 


It contains instruction list and instruction map of FR81 Family CPU. 


¢ The contents of this document are subject to change without notice. 
Customers are advised to consult with sales representatives before ordering. 

¢ The information, such as descriptions of function and application circuit examples, in this document are presented solely for the 
purpose of reference to show examples of operations and uses of FUJITSU MICROELECTRONICS device; FUJITSU 
MICROELECTRONICS does not warrant proper operation of the device with respect to use based on such information. When 
you develop equipment incorporating the device based on such information, you must assume any responsibility arising out of 
such use of the information. FUJITSU MICROELECTRONICS assumes no liability for any damages whatsoever arising out of 
the use of the information. 

¢ Any information in this document, including descriptions of function and schematic diagrams, shall not be construed as license 
of the use or exercise of any intellectual property right, such as patent right or copyright, or any other right of FUJITSU 
MICROELECTRONICS or any third party or does FUJITSU MICROELECTRONICS warrant non-infringement of any third- 
party's intellectual property right or other right by using such information. FUJITSU MICROELECTRONICS assumes no 
liability for any infringement of the intellectual property rights or other rights of third parties which would result from the use of 
information contained herein. 

¢ The products described in this document are designed, developed and manufactured as contemplated for general use, including 
without limitation, ordinary industrial use, general office use, personal use, and household use, but are not designed, developed 
and manufactured as contemplated (1) for use accompanying fatal risks or dangers that, unless extremely high safety is secured, 
could have a serious effect to the public, and could lead directly to death, personal injury, severe physical damage or other loss 
(i.e., nuclear reaction control in nuclear facility, aircraft flight control, air traffic control, mass transport control, medical life 
support system, missile launch control in weapon system), or (2) for use requiring extremely high reliability (i.e., submersible 
repeater and artificial satellite). 

Please note that FUJITSU MICROELECTRONICS will not be liable against you and/or any third party for any claims or 
damages arising in connection with above-mentioned uses of the products. 

e Any semiconductor devices have an inherent chance of failure. You must protect against injury, damage or loss from such 
failures by incorporating safety design measures into your facility and equipment such as redundancy, fire protection, and 
prevention of over-current levels and other abnormal operating conditions. 

¢ Exportation/release of any products described in this document may require necessary procedures in accordance with the 
regulations of the Foreign Exchange and Foreign Trade Control Law of Japan and/or US export control laws. 

¢ The company names and brand names herein are the trademarks or registered trademarks of their respective owners. 
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CHAPTER 1 
OVERVIEW OF FR81 FAMILY 


CPU 


This chapter describes the features of FR81 Family CPU 
and the changes from the earlier FR Family. 


1.1 Features of FR81 Family CPU 
1.2 Changes from the earlier FR Family 
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CHAPTER 1 OVERVIEW OF FR81 FAMILY CPU 


tes FR81 Family 
1.1 Features of FR81 Family CPU 


FR81 Family CPU is meant for 32 bit RISC controller having proprietary FR81 
architecture of Fujitsu. The FR81 architecture is optimized for microcontrollers by using 
the FR family instruction set and including improved floating-point, memory protection, 
and debug functions. 


@ General-purpose Register Architecture 


It is load/store architecture based on 16 numbers of 32-bit General-purpose registers RO to R15. The 
architecture also has instructions that are suitable for embedded uses such as memory to memory transfer, 
bit processing etc. 


@ Linear Space for 32-bit (4G bytes) addressing 
Address space is controlled for each byte unit. Linear specification of Address is made based on 32-bit 
address. 


@ 16-bit fixed instruction length (excluding immediate data transfer instructions) 


It is 16-bit fixed length instruction format excluding 32/20-bit immediate data transfer instruction. It 
enables securing high object efficiency. 


@ Floating point calculation unit (FPU) 
FR81 Family supports single precision floating point calculation (IEEE754 compliant). It has 16 pieces of 
32-bit floating point registers from FRO to FR15. A single instruction can execute a product-sum operation 
type calculation (multiplication, or addition/subtraction). The instruction length of a floating point type 
instruction is 32 bits 


@ Pipeline Configuration 


High speed one-instruction one-cycle processing of the basic instructions based on 5-stage pipeline 
operation can be carried out. Pipeline has following 5-stage configuration. 


¢ IF Stage: Load Instruction 

¢ ID Stage: Interpret Instruction 
¢ EX Stage: Execute Instruction 
¢ MA Stage: Memory Access 

¢ WB Stage: Write to register 


FR81 Family has the 6-stage pipeline configuration to execute floating point type instructions. 


@ Non-blocking load 
In FR81 Family, non-blocking loading is carried out making execution of LD (load) instructions efficient. 
A maximum of four LD (Load) instructions can be issued in anticipation. In non-blocking, succeeding 
instruction is executed without waiting for the completion of a load instruction, in case general-purpose 
register storing the value of load instruction is not referred by the succeeding instruction. 


2 FUJITSU MICROELECTRONICS LIMITED CM71-00105-1E 


CHAPTER 1 OVERVIEW OF FR81 FAMILY CPU 


FR81 Family c 


@ Harvard Architecture 
An instruction can be executed efficiently based on Harvard Architecture where instruction bus for 
instruction access and data bus for data access are independent. 


@ Multiplication Instruction 
Multiplication/division computation can be executed at the instruction level based on an in-built multiplier. 
32-bit multiplication, signed or unsigned, is executed in 5 cycles. 16-bit multiplication is executed in 3 
cycles. 


@ Step Division Instruction 
32-bit + 32-bit division, signed or unsigned, can be executed based on combination of step division 
instructions. 


@ Direct Addressing Instruction for peripheral access 
Address of 256 words/ 256 half-words/ 256 bytes from the top of address space (low order address) can be 
directly specified. It is convenient for address specification in the I/O Register of the peripheral resource. 


@ High-speed interrupt processing complete within 6 cycles 
Acceptance of interruption is processed at a high speed within 6 cycles. A 16-level priority order is given to 


the request for interruption. Masking in line with the priority order can be carried out based on interruption 
mask level of the CPU. 
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1.2 Changes from the earlier FR Family 


FR81 Family has partial addition and deletion of instructions and operational changes 
from the earlier FR Family (FR30 Family, FR60 Family etc.). 


@ Instructions that cannot be used in FR81/FR80 Family 
Following instructions cannot be used in FR81/FR80 Family. 
¢ Coprocessor Instructions (COPOP, COPLD, COPST, COPSV) 
¢ Resource Instructions (LDRES, STRES) 


Undefined Instruction Exceptions and not the Coprocessor Error Trap occur when execution of 
Coprocessor Instruction is attempted. Undefined Instruction Exceptions occur when execution of Resource 
Instruction is attempted. 


@ Instructions added to FR81/FR80 Family 


Following instructions have been added in FR81/FR80 Family. These instructions have replaced the bit 
search module embedded as a peripheral function. 


¢ SRCH1 (Bit Search Instruction Detection of First "1" bit from MSB to LSB) 
¢ SRCHO (Bit Search Instruction Detection of first "0" bit from MSB to LSB) 
¢ SRCHC (Bit Search Instruction Detection of Change point from MSB to LSB) 


see "Chapter 7 Detailed Execution Instructions" and "Appendix A 2 Instruction Lists" for operation of Bit 
Search Instructions. 


H Adding floating point type instructions 


Floating point type instructions and 16 pieces of 32-bit floating point registers (FRO to FR15) have been 
added in FR81 Family. 


@ Privilege mode 


Privilege mode has been added in FR81 family. Privilege mode and user mode are two CPU operation 
modes. 


m@ Exception processing 
Exception processing has been improved for FR81 Family. The following exceptions have been added. 
¢ FPU exception 
e Instruction access protection violation exception 
e Data access protection violation exception 
¢ Invalid instruction exception (Changing definition from undefined instruction exception) 
e Data access error exception 


¢ PU absence exception 
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@ Operation of INTE Instructions during Step Execution 
In FR81 Family, trap processing is initiated based on INTE instructions even during step execution based 
on step trace trap. 


In hitherto FR Family, trap processing is not initiated based on INTE instructions during step execution. 


For trap processing based on step trace trap and INTE instructions, see “4.6 Traps”. 
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CHAPTER 2 
MEMORY ARCHITECTURE 


This chapter explains the memory architecture of FR81 
Family CPU. Memory architecture refers to allocation of 
memory spaces and methods used to access memory. 


2.1 Address Space 
2.2 Data Structure 
2.3 Word Alignment 
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2.1 Address Space 


The address space of FR81 Family CPU is 32 bits (4Gbyte). 


CPU controls the address spaces in byte units. An address on the address space is accessed from the CPU 
by specifying a 32-bit value. Address space is indicated in Figure 2.1-1. 


Figure 2.1-1 Address space 


Direct address area 


General addressing 


0000 0000 H 
Byte data 
0000 0100 H 
0000 0200 H Half-word data 
Word data 
Goon Gade: |. 


OOOF FCOOH 


OOOF FCOOH | TBR 
Vector table — 
0010 00004 initial area 1 TBR initial value 


~ ~ 


| Program or data area | 
FFFF FFFFH LU eee 1.-- 


Address space is also called memory space. It is a logical address space as seen from the CPU. Addresses 


cannot be changed. Logical address as seen from the CPU, and the physical address actually allocated to 
memory or I/O are identical. 


2.1.1 Direct Address Area 


In the lower address in the address space, there is a direct address area. 


Direct address area directly specifies an address in the direct address specification instruction. This area 
accesses only based on operand data in the instruction without the use of general-purpose registers. The 
size of the address area that can be specified by direct addressing varies according to the data type being 
accessed. 


The correspondence between data type and area specified by direct address is as follows. 


* byte data access: 0000 0000, to 0000 OOFFy 
* half-word data access: 0000 0000, to 0000 O1FFy 
¢ word data access: 0000 0000y to 0000 O3FFy 


The method of using the 8-bit address data contained in the operand of instructions that specify direct 
addresses is as follows: 
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* byte data access: Lower 8 bits of the address are used as it is 
¢ half word data access: Value is doubled and used as lower 9 bits of the address 


¢ word data access: Value is quadrupled and used as lower 10 bits of the address 


The relation between data types specified by direct address and memory address is shown in Figure 2.1-2. 


Figure 2.1-2 Relation between data type specified by direct address and memory address 


[Example 1] Byte data: DMOVB R13,@58H 


Memory space 


Object code:1A58H => No data shift =2=>=>= 58H ~ 


u 
R13 [12345678 0000 0058 | 78 | | | 
[Example 2] Half-word data: DMOVH R13,@58H 
Right 1-bit shift — Memory space 


Object code:192CH => Left 1-bit shift ===> => 58H io 
rl 
R13 | 12345678 0000 0058H 


5678 | | 


[Example 3] Word data: DMOV R13,@S8H 
es ht 2-bit shift Memory space 


~ ~ 


Object code:1816H = Left 2-bit shift =>=>=>=>=> 58H 
y 
R13 | 12345678 0000 0058H | 1345678 


~ ~ 


2.1.2 Vector Table Area 


An area of 1 Kbyte from the address shown in the Table Base Register (TBR) is called the EIT Vector Table 


Area. 


Table Base Register (TBR) represents the top address of the vector table area. In this vector table area, the 
entry addresses of EIT processing (Exception processing, Interrupt processing, Trap processing) are 
described. The relation between Table Base Register (TBR) and vector table area is shown in Figure 2.1-3. 


Figure 2.1-3 Relation between Table Base Register (TBR) and Vector Table Area addresses 


Offset 


Memory space from TBR EIT source 
0000 0000H F————_Jq 


TBR [ FFH 000H Entry address for INT instruction 
FEH 004H Entry address for INT instruction 
FDH H Entry address for INT instruction 
1 Kbyte ots y 
FCH O0OCH Entry address for INT instruction 


FFF FFFFH L 1 


Entry addressfor reset processing 
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the vector table area can be allocated to any desired location. 


FR81 Family 


As a result of reset, the value of Table Base Register (TBR) is initialized to OOOF FCOOq, and the range of 
vector table area extends from 000F FCO0y to OOOF FFFFy. By rewriting the Table Base Register (TBR), 


A vector table is composed of entry addresses for each EIT processing programs. Each vector table 


contains values whose use is fixed according to the CPU architecture, and values that vary according to the 


type of built-in peripheral functions. The structure of vector table area is shown in Table 2.1-1. 


Table 2.1-1 Structure of Vector Table Area 


ony in ae EIT value description Remarks 

3FCy 004 No reset 

3F8y Oly No system reserved 

3F4y 024 No system reserved Disabled 

3F0y 034 No system reserved Disabled 

3ECy 044 No system reserved Disabled 

3E8y O54 No FPU exception 
Instruction access protection 

ie Ook Ne violation Senior 
Data access protection 

ey On Ne violation conion 

3DCy 08y No Data access error interrupt 

3D8y 094 No INTE instruction For use in the emulator 

3D4y OAy No Instruction break 

3D0y OBy No system reserved 

3CCy 0Cy No Step trace trap 

3C8y ODy No system reserved 

3C4y OEy No Invalid instruction exception 

3C0Oy OFy No NMI request 

3BCy OF y General interrupt 

se ic Yes (used in external interrupt, Refer to the Hardware Manual for each 

interrupt from peripheral model 

ca oEa function) 

3004 3Fy No General interrupts Used in Delayed interrupt 

2FCy 404 No system reserved Used in REALOS 

2F8y 4ly No system reserved Used in REALOS 

2F4y 424 

to to No Used in INT instruction 
0001 FFy 


For vector tables of actual models, refer to the hardware manuals for each model. 
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20-bit Addressing Area & 32-bit Addressing Area 


The lower portion of the address space extending from 0000 0000, to OOOF FFFF, (1Mbyte) will be the 
20-bit addressing area. The overall address space from 0000 0000, to FFFF FFFF, will be 32-bit 


2.1.3 
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If all the program locations and data locations are positioned within the 20-bit addressing area, a compact 


and high-speed program can be realized as compared to a 32-bit addressing area. 


In a 20-bit addressing area, as the address values are within 20 bits, the LDI:20 instruction can be used for 


immediate loading of address information. The instruction length (Code size) of LDI:20 instruction is 


4bytes. By using LDI:20 instruction, the program becomes more compact than when using LDI:32 


instruction of instruction length 6bytes. 


Example of 20-bit Addressing 


Code size 
LDI:20 #label20,Ri ; 4bytes 
JMP @Ri ; 2 bytes 

Total 6 bytes 

Example of 32-bit Addressing 

Code size 
LDI:32 #label32,Ri ; 6 bytes 
JMP @Ri ; 2 bytes 


Total 8 bytes 
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2.2 Data Structure 


FR81 Family CPU has three data types namely byte data (8-bits), half word data (16-bits) 
and word data (32-bits). The byte order is big endian. 


2.2.1 Byte Data 


This is a data type having 8 bits as unit. Bit order is little endian, MSB side becomes bit7 and LSB side 
becomes bit0. The structure of byte data is shown in Figure 2.2-1. 


Figure 2.2-1 Structure of byte data 
MSB bit 7 6 5 4 3 2 1 ) LSB 


2.2.2 Half Word Data 


This is a data type having 16 bits (2byte) as unit. Bit order is little endian, MSB side is bitl5 while LSB 
side is bit0. Bit15 to bit8 of MSB side represent the higher bytes while bit7 to bitO of LSB side represent 
the lower bytes. The structure of half word data is shown in Figure 2.2-2. 


Figure 2.2-2 Structure of Half Word Data 


MSB LSB 
bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 fe) 
Wes ASE J 
~~ a a 
Higher bytes Lower bytes 


2.2.3 Word Data 


This is a data type having 32 bits (4byte) as unit. Bit order is little endian, MSB side is bit31 while LSB 
side is bitO. Bit31 to bitl16 of the MSB side become the higher half word, while bit15 to bitO of the LSB 
side become the lower half word. The structure of word data is shown in Figure 2.2-3. 


Figure 2.2-3 Structure of Word Data 


MSB LSB 
bit31 24 23 1615 as e) 
Ne A. S 
ee ae aa 
Higher half word Lower half word 
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2.2 


The byte order of FR81 Family CPU is big endian. When word data or half word data are allocated to 
address spaces, the higher bytes are placed in the lower address side while the lower bytes are placed in the 
higher address side. The arrangement of big endian byte data is shown in Figure 2.2-4. 


For example, if a word data was written on the memory (RAM) at address location 0004 1234), of the 


memory space, the highest byte will be stored at location 0004 1234), while the lowest byte will be stored 
at location byte 0004 1237. 


Byte 

MSB 
Half word 

MSB 
Word 

MSB 
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Figure 2.2-4 Big Endian Byte Orde 


Address 
LSB 
Address Address +1 
Higher byte Lower byte LSB 
Address Address +1 Address +2 Address +3 
Highest byte Lowest byte 
NS 


a 


Higher half word 


a 
Lower half word 
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2.3 


FR81 Family 


Word Alignment 


The data type used determines restrictions on the designation of memory addresses 
(word alignment). 


2.3.1 


2.3.2 


Program Access 


Unit of instruction length is half word (2byte) and all instructions are allocated to addresses which are 
multiples of 2 (2n location). 


At the time of execution of the instruction, bit0 of the program counter (PC) automatically becomes "0", 
and is always at an even address. In a branched instruction, even if an odd address is generated as a result 
of branch destination address calculation, the bit0 of the address will be assigned "0" and branched to an 
even address. 


There is no address exception in program access. 


Data Access 


There are following restrictions on addresses for data access depending upon the data type used. 


Word data 


Data is assigned to addresses that are multiples of 4 (4n location). The restriction of multiples of 4 
on addresses is called ‘word boundary’. If the specified address is not a multiple of 4, the lower two 
bits of the address are set to "00" forcibly. 


Half-word data 


Data is assigned to addresses that are multiples of 2 (2n locations). The restriction of multiples of 2 
on addresses is called ‘half-word boundary’. If the specified address is not a multiple of 2, the lower 
1 bit of the address is set to "0" forcibly. 


Byte data 


There is no restriction on allocation of addresses. 


During word and half-word data access, condition that lower bit of an address has to be "0" is applicable 
only for the result of computation of an effective address. Values still under calculation are used as they 
are. 
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PROGRAMMING MODEL 


This chapter describes the programming model of FR81 
Family CPU. 


3.1 Register Configuration 

3.2 General-purpose Registers 
3.3 Dedicated Registers 

3.4 Floating-point Register 
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3.1 Register Configuration 


FR81 Family CPU uses three types of registers, namely, general-purpose registers, dedicated 
registers and floating point registers. 


General-purpose registers are registers that store computation data and address information. They comprise 
16 registers from RO to R15. Dedicated registers are registers that store information for specific 
applications. 


Floating point registers are registers that store calculation information for floating point calculations. They 
are comprised of 16 registers from FRO to FRI5. 
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3.2 General-purpose Registers 


General-purpose registers are used for storing results of various calculations, as well 
as information about addresses to be used as pointers for memory access. 


3.2.1 Configuration of General-purpose Registers 


General-purpose registers has sixteen each 32 bits in length. General-purpose registers have names RO to 
R15. 


In case of general instructions, the general-purpose registers can use without any distinction. In some 
instructions, three registers namely R13, R14 and R15 have special usages. 


Figure 3.2-1 shows the configuration and initial values of general-purpose registers. 


Figure 3.2-1 Configuration and initial values of general-purpose registers 


32 bits 

[Initial value 
RO XXXX_XXXX 
R1 XXXX_ XXXX 
R2 XXXX_ XXXX 
P83 XXXX_XXXX 
R4 XXXX_ XXXX 
R5 XXXX_XXXX 
R6 XXXX_XXXX 
R7 XXXX_XXXX 
PB XXXX_XXXX 
RQ XXXX_XXXX 
R10 XXXX_XXXX 
R11 XXXX_XXXX 
R12 XXXX_ XXXX 
RB XXXX_XXXX 
R14 XXXX_XXXX 
R15 0000 0000 


RO to R14 are not initialized as a result of reset. R15 is initialized 0000 0000} as a result of reset. 
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3.2.2 


3.2.3 


FR81 Family 
Special Usage of General-purpose Registers 


General-purpose registers R13 to R15, besides being used as other general-purpose registers, are used in the 
following way in some instructions. 


R13 (Virtual Accumulator: AC) 

¢ Base address register for load/store to memory instructions 
[Example: LD @(R13,Rj), Ri] 

e Accumulator for direct address designation 
[Example: DMOV @dir10, R13] 

¢ Memory pointer for direct address designation 


[Example: DMOV @dirl0,@R13+] 


R14 (Frame Pointer: FP) 

¢ Index register for load/store to memory instructions 
[Example: LD @(R14,disp10), Ri] 

¢ Frame pointer for reserve/release of dynamic memory area 


[Example: ENTER #u10] 


R15 (Stack Pointer: SP) 

* Index register for load/store to memory instructions 
[Example: LD @(R15,udisp6), Ri] 

¢ Stack pointer 
[Example: LD @R15+,Ri] 

¢ Stack pointer for reserve/release of dynamic memory area 


[Example: ENTER #u10] 


Relation between Stack Pointer and R15 


R15 functions as an indirect register. Physically it becomes either the system stack pointer (SSP) or user 
pointer (USP) for dedicated registers. When the notation R15 is used in an instruction, this register will 
function as USP if the stack flag (S) is "1" and as SSP if the stack flag is "0". Table 3.2-1 shows the 
correlation between general-purpose register R15 and stack pointer. 


When something is written on R15 as a general-purpose register, it is automatically written onto the system 
stack pointer (SSP) or user stack pointer (USP) according to the value of stack flag (S). 


Table 3.2-1 Correlation between General-purpose Register "R15" and Stack Pointer 


General-purpose register S Flag Stack pointer 
1 User stack pointer (USP) 
0 System stack pointer (SSP) 


R15 


Stack flag (S) is present in the condition code register (CCR) section of the program status (PS). 
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3.3 Dedicated Registers 


FR81 Family CPU has dedicated registers reserved for special usages. 


3.3.1 Configuration of Dedicated Registers 


Dedicated registers are used for special purposes. The following dedicated registers are available. 
¢ Program counter (PC) 


¢ Program status (PS) 


Return pointer (RP) 


System stack pointer (SSP) 


User stack pointer (USP) 

Table base register (TBR) 
Multiplication/Division Register (MDH, MDL) 
Base Pointer (BP) 

FPU control register (FCR) 


Exception status register (ESR) 
Debug register (DBR) 


Figure 3.3-1 shows the configuration and initial values of dedicated registers. 


Figure 3.3-1 Configuration and Initial Values of Dedicated Registers 


32 bits 


i —__—_———> 
| | [Initial value] 


renmeoete pe [Ya 

ILM=01111, 
reson os [| ww] [oon] con] Sr 

i B 
wnawnie rom [Yr 
2 
semeetrine soe [_____] 0 1, 


ee ee ft 


Multiplication/Division + MDH a TONE BANG 
registers MDL XXXX_XXXX y 
Base Pointer BP [ XXXX_XXXX 4 
rrusominone —— goq [a 
Except status register ESR [ 0000 0000, 
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3.3.2 


3.3.3 


20 


FR81 Family 
Program Counter (PC) 


Program counter (PC) is a 32-bit register that indicates the address containing the instruction that is 


currently executing. 


Figure 3.3-2 shows the bit configuration of program counter (PC). 


Figure 3.3-2 Program Counter (PC) Bit Configuration 
bitO 


Initial value 
XXXX XXXX H 


The value of the lowest bit (LBS) of the program counter (PC) is always read as “0”. Even if "1" is written 
to it as aresult of address calculation of branching destination, the lowest bit of branching address will be 
treated as "0". When the program counter (PC) changes after the execution of an instruction and it indicates 
the next instruction, the lowest bit is always read as "0". 


Following a reset, the contents of the Program Counter (PC) are set to the value (reset entry address) 
written in the reset vector of the vector table. As the table base register (TBR) is initialized first by reset, 
the address of the reset vector will be OOOF FFFC}. 


Program Status (PS) 


Program status (PS) is a 32-bit register that indicates the status of program execution. It sets the interrupt 
enable level, controls the program trace break function in the CPU, and indicates the status of instruction 
execution. 


Program status (PS) consists of the following 4 parts. 
¢ System status register (SSR) 

¢ Interrupt level mask register (ILM) 

e System condition code register (SCR) 


¢ Condition code register (CCR) 


Figure 3.3-3 shows the bit configuration of program status (PS). 
Figure 3.3-3 Program status (PS) Bit Configuration 


bit31  bit27 bit20 bitis biti0 bit7 bitO 


The reserved bits of program status (PS) are all reserved for future expansion. The read value of reserved 
bits is always "0". Write values should always be written as "0". 
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3.3.4 


System Status Register (SSR) 


System status register (SSR) is a 4-bit register that indicates the state of the CPU. It lies between bit 31 and 
bit 28 of the program status (PS). 


Figure 3.3-4 shows the bit configuration of system status register (SSR). 


Figure 3.3-4 System Status Register (SSR) Bit Configuration 


bit31  bit30 bit29 bit28 I|nitial value 


The contents of each bit are described below. 


[bit3 1] DBG: Debug State Flag 


This flag indicates the debugging state during debugging. The flag bit is turned to "1" when the 
system shifts to a debug state, and turned to "0" when moving from the debug state with a RETI 
instruction. This cannot be rewritten using instructions such as the MOV instruction. 


The initial value of the debug state flag (DBG) after a reset is "0". 


[bit30] UM: User Mode Flag 


This flag indicates the user mode. The flag bit is turned to "1" when the system is shifted to user 
mode by the execution of a RETI instruction, and cleared to "0" when shifted to privilege mode with 
EIT. Upon execution of the RETI instruction, if bit 30 of the PS value is set to "1", a value returned 
from memory, the system shifts to user mode. This cannot be rewritten using instructions such as the 
MOV instruction. 


The initial value of the user mode flag (UM) after a reset is "0". 


[bit29] FPU: FPU presence flag 


This flag indicates that the floating point calculation unit (FPU) is installed. The flag bit is set to "1" 
if a FPU is installed, and "0" if it is not the case. This bit cannot be rewritten. 


Table 3.3-1 FPU presence flag (FPU) in the system status register 


flag value Meaning 
0 With FPU (installed) 
1 Without FPU (not installed) 


FPU 


[bit28] MPU: MPU presence flag 


This flag indicates that the memory protection unit (MPU) is installed. The flag bit is set to "1" if'a 
MPU is installed, and "0" if it is not the case. This bit cannot be rewritten. 


Table 3.3-2 MPU presence flag (MPU) in the system status register 


flag value Meaning 
0 With MPU (installed) 
1 Without MPU (not installed) 


MPU 
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FR81 Family 
Interrupt Level Mask Register (ILM) 


Interrupt level mask register (ILM) is a 5-bit register used to store the interrupt level mask value. It lies 
between bit20 to bit16 of the program status (PS). 


Figure 3.3-5 shows the bit configuration of interrupt level mask register (ILM). 


Figure 3.3-5 Interrupt Level Mask Register (ILM) Bit Configuration 
bit20 bit19 bit18 bit17 bit16 Initial value 


OR 


The value stored in interrupt level mask register (ILM), is used in the level mask of an interrupt. When the 
interrupt enable flag (1) is "1", the value of interrupt level mask register (ILM) is compared to the level of 
the currently requested interrupt. If the value of interrupt level mask register (ILM) is greater (interrupt 

level is stronger), interrupt requested is accepted. Figure 3.3-6 shows the functions of interrupt level mask. 


Figure 3.3-6 Functions of Interrupt Level Mask 


FR81 family CPU 


22 


Interrupt controller ILM | flag 
ICR 29 1 oO Interrupt activated 
Z 
Peripheral | Interrupt 25 lcomp = 
request 29>25 Activation OK 


The values of interrupt level range from 0(00000,) to 31(11111,). The smaller the value of interrupt level, 
the stronger it is, and the larger the value, the weaker it is. O(00000,) is the strongest interrupt level, while 
31(11111,) is the weakest. 


There are following restrictions on values of the interrupt level mask register (ILM) that can be set from a 


program. 


¢ When the value of interrupt level mask register (ILM) lies between 0(00000,) to 15(01111,), only values 
from 0(00000,) to 31(11111,) can be set. 


¢ When the value of interrupt level mask register (ILM) lies between 16(10000,) to 31(11111,), only 
values between 16(10000,) to 31(11111,) can be set. 


¢ When setting of values between 0(00000,) to 15(01111,) is attempted, 16 is added on automatically and 
values between 16(10000,) to 31(11111 ) are set. 


The interrupt level mask register (ILM) is initialized to 15(01111,) following a reset. If an interrupt request 


is accepted, the interrupt level corresponding to that interrupt is set in the interrupt level mask register 
(ILM). 


For setting a value in interrupt level mask register (ILM) from a program, the STILM instruction is used. 
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Condition Code Register (CCR) 


Condition code register (CCR) is an 8-bit register that indicates the status of instruction execution. It lies 
between bit7 to bitO of the program status (PS). 


Figure 3.3-7 shows the bit configuration of condition code register (CCR). 


Figure 3.3-7 Condition Code Register (CCR) Bit Configuration 


bit? bite bits ~—bit4~—bit3—bit2——sbit! ~— tO Initial value 
--00XXXX B 


The contents of each bit are described below. 


[bit7, bit6] Reserved 


These are reserved bits. Read value is always "0". Write value should always be "0". 


[bit5] S: Stack Flag 


This flag selects the stack pointer to be used as general-purpose register R15. When the value of 
stack flag (S) is "0", system stack pointer (SSP) is used, while when the value is "1", user stack 
pointer (USP) is used. 


Table 3.3-3 Stack Flag (S) of Condition Code Register 


flag value Meaning 
0 System stack pointer (SSP) 
1 User stack pointer (USP) 


S 


If an EIT operation is accepted, stack flag (S) automatically becomes "0". However, the value of the 
condition code register (CCR) saved in system stack is the value which is later replaced by "0". 


The initial value of stack flag (S) after a reset is "0". 


[bit4] I: Interrupt Enable Flag 


This flag is used to enable/disable mask-able interrupts. The value "0" of interrupt enable flag (I) 
disables an interrupt while "1" enables an interrupt. When an interrupt is enabled, the mask 
operation of interrupt request is performed by interrupt level mask register (ILM). 


Table 3.3-4 Interrupt Enable Flag (I) of Condition Code Register 


flag Value Meaning 
, 0 Interrupt disable 
1 Interrupt enable 


The value of this flag is replaced by "0" by execution of INT instruction. However, the value of 
condition code register (CCR) saved in the system stack is the value which is later replaced by "0". 


The initial value of an interrupt enable flag (1) after a reset is "0". 
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[bit3] N: Negative Flag 
This flag is used to indicate positive or negative values when the results of a calculation are 


expressed in two’s complement form. The value "0" of the negative flag (N) indicates a positive 
value while "1" indicates a negative value. 


Table 3.3-5 Negative Flag (N) of Condition Code Register 


flag value Meaning 
N 0 Calculation result is a positive value 
1 Calculation result is a negative value 


The initial value of Negative flag (N) after a reset is undefined. 


[bit2] Z: Zero Flag 


This flag indicates whether the result of a calculation is zero or not. The value "0" of zero flag (Z) 
indicates a non-zero value, while "1" indicates a zero value. 


Table 3.3-6 Zero Flag (Z) of Condition Code Register 


flag value Meaning 
Z 0 Calculation result is a non-zero value 
1 Calculation result is a zero value 


The initial value of Zero flag (Z) after a reset is undefined. 


[bit1] V: Overflow Flag 


This flag indicates whether an overflow has occurred or not when the results of a calculation are 
expressed in two’s complement form. The value "0" of an overflow flag (V) indicates no overflow, 
while value "1" indicates an overflow. 


Table 3.3-7 Overflow Flag (V) of Condition Code Register 


flag value Meaning 
Vv 0) No overflow 
1 Overflow 


Initial value of overflow flag (V) after a reset is indefinite 


[bitO] C: Carry Flag 
This flag indicates whether a carry or borrow condition has occurred in the highest bit of the results 


of a calculation. The value "0" of the carry flag (C) indicates no carry or borrow, while a value "1" 
indicates a carry or borrow condition. 


Table 3.3-8 Carry Flag (C) of Condition Code Register 


flag value Meaning 
C 0 No carry or borrow 
1 Carry or borrow condition 


The initial value of a carry flag (C) after reset is undefined. 
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System condition code register (SCR) is a 3-bit register used to control the intermediate data of stepwise 


division and step trace trap. It lies between bit 10 to bit8 of the program status (PS). 


Figure 3.3-8 shows the bit configuration of system condition code register (SCR). 


Figure 3.3-8 System Condition Code Register (SCR) Bit Configuration 


biti0 bit9 bit8 Initial value 


[ov foo ft] me 


The contents of each bit are described below. 


[bit10, bit9] D1, DO: Step Intermediate Data 


These bits are used for intermediate data in stepwise division. This register is used to assure 
resumption of division calculations when the stepwise division program is interrupted during 
processing. 


If changes are made to the contents of the intermediate data (D1, DO) during division processing, the 
results of the division are not assured. If another processing is performed during stepwise division 
processing, division can be resumed by saving/retrieving the program status (PS) in/from the system 
stack. 


Intermediate data (D1, DO) of stepwise division is made into a set by referencing the dividend and 
divisor by executing the "DIVOS" instruction. It is cleared by executing the "DIVOU" instruction. 


The initial value of intermediate data (D1, DO) of stepwise division after a CPU reset is undefined. 


[bit8] T: Step Trace Trap Flag 


CM71-00105-1E 


This flag specifies whether the step trace trap operation has to be enabled or not. When the step trace 
trap flag (T) is set to "1", step trace flag operation is enabled and the CPU generates an EIT event by 
trap operation after each instruction execution. 


Table 3.3-9 Step Trace Trap Flag (T) of System Condition Code Register 


flag value Meaning 
T 0 Step trace trap disabled 
1 Step trace trap enabled 


When the step trace trap flag (T) is "1", all NMI & user interrupts are disabled. 
Step trace trap function uses an emulator. During a user program which uses the emulator, step trace 
trap function cannot be used (the emulator cannot be used for debugging in the step trace trap 


routine). 


The initial value of step trace trap flag (T) after a reset is "0". 


FUJITSU MICROELECTRONICS LIMITED 25 


CHAPTER 3 PROGRAMMING MODEL 


3.3 


3.3.8 


FR81 Family 
Return Pointer (RP) 


Return pointer (RP) is a 32-bit register which stores the address for returning from a subroutine. It stores 


the program counter (PC) value upon execution of a CALL instruction. 


Figure 3.3-9 shows the bit configuration of return pointer (RP). 


Figure 3.3-9 Return Pointer (RP) Bit Configuration 
bitO 


Initial value 
XXXXXXXXy 


In case of a CALL instruction with a delay slot, the value stored in RP will be the address of the CALL 


instruction +4. 


In case of a CALL instruction without a delay slot, the value stored in RP will be the address of the CALL 
instruction +4. 


When returning from a subroutine by the RET instruction, the address stored in the return pointer (RP) is 


returned to the program counter (PC). 


Return pointer (RP) does not have a stack configuration. When calling another subroutine from the 
subroutine called using the CALL instruction, it is necessary to first save the contents of the return pointer 


(RP) and restore them before executing the RET instruction. 


Figure 3.3-10 shows a sample operation of the return pointer (RP) during the execution of a CALL 
instruction without a delay slot, and Figure 3.3-11 shows a sample operation of return pointer (RP) during 


the execution of a RET instruction. 


Figure 3.3-10 Sample Operation of RP during Execution of a CALL Instruction without a Delay Slot 
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Before execution i After execution 


Memory space Memory space 
TT 


~ ~ 


~ ~ 


aaa 


: 


RP | 2222222?H ~ ~ RP | 1234567AH ~ ~ 
SUB1 RET — SUB1 RET 
~ oe | ms a 
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Figure 3.3-11 Sample Operation of RP during Execution of a RET Instruction. 


Before execution 


Memory space Memory space 
[=~ ~~ al a | 


: After execution ms oT 


CALL SUB1 
PC SUB1 ADD #1,R0 Pc | 1234567AH 
RP | 1234567AH ~ ~ RP | 1234567AH ~ ~ 


_+ SUB1 RET SUB1 RET 


—— —— 


System Stack Pointer (SSP) 


The system stack pointer (SSP) is a 32-bit register that indicates the address to be saved/restored to the 
system stack used at the time of EIT processing. The system stack pointer (SSP) is available when CPU is 
in privilege mode (UM=0). 


Figure 3.3-12 shows the bit configuration of system stack pointer (SSP). 


Figure 3.3-12 System Stack Pointer (SSP) Bit Configuration 


bit31 bitO 


Initial value 
00000000, 


When the stack flag (S) in the condition code register (CCR) is "0", the general-purpose register R15 is 
used as the system stack pointer (SSP). In a normal instruction, system stack pointer is used as the general- 


purpose register R15. 


When an EIT event occurs, regardless of the value of the stack flag (S), the program counter (PC) and 
program status (PS) values are saved to the system stack area designated by system stack pointer (SSP). 
The value of stack flag (S) is stored in the system stack as program status (PS), and is restored from the 
system stack at the time of returning from the EIT event using RETI instruction. 


System stack uses pre-decrement/post-decrement for storing and retrieving data. While saving data, after 
performing a data size decrement on the value of system stack pointer (SSP), it is written onto the address 
indicated by system stack pointer (SSP). While retrieving data, after the data is read from the address 
indicated by the system stack pointer (SSP), a data size increment is performed on the value of system stack 
pointer (SSP). 


Figure 3.3-13 shows an example of system stack pointer (SSP) operation while executing instruction "ST 
R13,@-R15" when the stack flag (S) is set to "0". 
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Figure 3.3-13 Example of System Stack Pointer (SSP) Operation 


SSP 


USP 


R13 


CCR 


3.3.10 


Before execution of ST R13,@-R15 After execution of ST R13,@-R15 
Memory space Memory space 
r 00000000H 4 rt 00000000H 4 


22222222 SSP | 123456741 17263540H 
USP | 76543210H 
17263540H R13 | 17263540H 


L FEFFFFFFH S L FFFFFFFFH- 


22222222 


User Stack Pointer (USP) 


User stack pointer (USP) is a 32-bit register used to save/retrieve data to/from the user stack. The user stack 
pointer (USP) is available irrespective of the CPU: whether it is in privilege mode (UM=0) or in user mode 
(UM=1). In privilege mode, the stack pointer should be selected by rewriting the stack flag (S). In user 
mode, only the user stack pointer (USP) is available. 


Figure 3.3-14 shows the bit configuration of user stack pointer (USP). 


Figure 3.3-14 User Stack Pointer (USP) Bit Configuration 


bit31 bitO 


Initial value 
XXXXXXXXy 
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When the stack flag (S) in the condition code register (CCR) is "1", the general-purpose register R15 is 
used as the user stack pointer (USP). In a normal instruction, user stack pointer (USP) is used as the 


general-purpose register R15. 


User stack uses pre-decrement/post-decrement to save/retrieve data. While saving data, after performing a 
data size decrement on the value of user stack pointer (USP), it is written onto the address indicated by the 
user stack pointer (USP). While retrieving data, the data is read from the address indicated by the user stack 
pointer (USP), and a data size increment is performed on the value of user stack pointer (USP). 


Figure 3.3-15 shows an example of user stack pointer (USP) operation while executing the instruction "ST 
R13,@-R15" when the stack flag (S) is set to "1". 
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Figure 3.3-15 Example of User Stack Pointer (USP) Operation 


| Before execution of ST R13,@-R15 | After execution of ST R13,@-R15 
Memory space Memory space 
rt 00000000H 7 r 00000000H 4 


17263540H 


Ss Ss 


R13 | 17263540H R13 | 17263540H 


~ 


LC erEFFFFFH 
con coa(Li[ 
3.3.11 Table Base Register (TBR) 


Table base register (TBR) is a 32-bit register that designates the vector table containing the entry addresses 


~ 


L FFFFFFFFH 


for EIT operations. 


Figure 3.3-16 shows the bit configuration of table base register (TBR). 


Figure 3.3-16 Table Base Register (TBR) Bit Configuration 


bit31 bitO 


Initial value 
OOOF FCOOH 


The address of the reference vector is determined by the sum of the contents of the table base register 
(TBR) and the vector offset corresponding to the EIT operation generated. Vector table layout is realized in 
word units. As the address of the calculated vector is in word units, the lower two bits of the resulting 
address value are explicitly read as “0”. 


Figure 3.3-17 shows an example of table base register (TBR). 


Figure 3.3-17 Example of Table Base Register (TBR) Example 


Vector correspondence table 


bit31 bit 
Vector no. Vector offset 
EaddrO | Eaddr1 | Eaddr2 | Eaddr3 } PC 


~ ~ ~ 


87654123H| TBR 


Vector table 


87654123H +000003B8H +0 +1 +2 +3 
Y 
876544DBH 


~ ~ ~ ~ 


— 876544D8H | eae Eaddr1 | Eaddr2| Eaddr3 


~ ~ ~ ~ 
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The reset value of table base register (TBR) is OOOF FCOOy. Do not set a value above FFFF FCO0y for the 
table base register (TBR). 


Precautions: 
If values greater than FFFF FCOOy are assigned to the table base register (TBR), this operation may 


result in an overflow when summed with the offset value. An overflow in turn will result in vector 
access to the area 0000 0000, to 0000 O3FFy, which can cause a program run away. 


3.3.12 Multiplication/Division Register (MDH, MDL) 


Multiplication/Division register (MDH, MDL) is a 64-bit register comprised of MDH represented by the 
higher 32 bits and MDL represented by the lower 32 bits. During multiplication, the product is stored. 
During division, the value set for the dividend and the quotient is stored. 


Figure 3.3-18 shows the bit configuration of Multiplication/Division register (MDH, MDL). 


Figure 3.3-18 Multiplication/Division Register (MDH, MDL) Bit Configuration 


bit31 bitO Initial value 
MDH XXXXXXXXH 
MDL XXXXXXXXH 


The function of Multiplication/Division register (MDH, MDL) is different during a multiplication and 


during a division operation. 


@ Function during Multiplication 
In case of a 32 bit x 32 bit multiplication (MUL, MULU instruction), the calculation result of 64-bit length 
is stored in the product register (MDH, MDL) as follows. 
MDH: higher 32 bits 
MDL: lower 32 bits 


In case of a 16 bit x 16 bit multiplication (MULH, MULUH instruction), the calculation result of 32-bit 
length is stored in the product register (MDH, MDL) as follows. 


MDH: undefined 
MDL: result 32 bits 


Figure 3.3-19 shows an example of multiplication operation using Multiplication/Division register (MDH, 
MDL). 
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Figure 3.3-19 Example of Multiplication Operation using Multiplication/Division Register (MDH, MDL) 


Before execution of instruction MUL RO,R1 After execution of instruction MUL RO,R1 


RO 12345678H RO | 12345678H 
R1 7654321 0H R1 76543210H 
MDH, MDL |086A1C97 0B88D780H 


MDH, MDL 


@ Function during Division 


Before starting the calculation, the dividend is stored in the Multiplication/Division register (MDH, MDL). 
MDH: don’t care 
MDL: dividend 


When division is performed using any of the instructions DIVOS/DIVOU, DIVI1, DIV2, DIV3, DIV4S 
meant for division, the result of division is stored in the Multiplication/Division register (MDH, MDL) as 
follows. 


MDH: remainder 
MDL: quotient 


Figure 3.3-20 shows an example of division operation using Multiplication/Division register (MDH, MDL). 


Figure 3.3-20 Example of Division Operation using Multiplication/Division Register (MDH,MDL) 


Before execution of stepwise division After execution of stepwise division 


RO | 12345678H RO | 12345678H 


Using RO 


MDH, MDL | ?????2?? 76543210H MDH, MDL] 091A2640 00000006H 
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The base pointer (BP) register is used for pointing in base pointer indirect addressing mode. 


Figure 3.3-21 shows the bit configuration of base pointer (BP). 


Figure 3.3-21 Base Pointer (BP) Bit Configuration 


bit31 bitO 


Initial value 
XXXX XXXXH 


3.3.14 | FPU Control Register (FCR) 


FPU control register (FCR) is a 32-bit register used to control the FPU. It has a flag that indicates the 
settings and status of the FPU operation mode. 


The FPU control register (FCR) consists of the following five parts: 


¢ Floating point condition code (FCC) 

¢ Rounding mode (RM) 

¢ Floating point exception enable flag (EEF) 

¢ Floating point exception accumulative flag (ECF) 


¢ Floating point exception flag (CEF) 


Figure 3.3-22 shows the bit configuration of FPU control register (FCR). 


Figure 3.3-22 FPU control register (FCR) Bit Configuration 


bit31 bit27 bit19 bit17 bit11 bit5 bitO 


The reserved bits of the FPU control register (FCR) are all reserved for future expansion. The read value of 


reserved bits is always "0". The write value should always be "0". 


@ Floating point condition code (FCC) 
Floating point condition code (FCC) is a 4-bit register that stores the condition code of a floating point 
calculation result. It lies between bit 31 and bit 28 of the FPU control register (FCR). 


Figure 3.3-23 shows the bit configuration of the floating point condition code (FCC). 


Figure 3.3-23 Floating point condition code (FCC) Bit Configuration 


bit31 bit30 bit29 bit28 Initial value 
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The content of each bit are described below. 


[bit31] E: E flag 


This flag indicates that FRj and FRi are equal based on the floating point compare instruction 
(FCMP) results. 


[bit30] L : L flag 


This flag indicates that FRi is less than FRj based on the floating point compare instruction (FCMP) 
results. 


[bit29] G : G flag 


This flag indicates that FRi is greater than FRj based on the floating point compare instruction 
(FCMP) results. 


[bit28] U : U flag 


This flag indicates that no comparison can be made (Unordered) based on the floating point compare 
instruction (FCMP) results. 


@ Rounding mode (RM) 
Rounding mode (RM) is a 2-bit register that designates rounding mode of floating point calculation results. 
It lies between bit 19 and bit 18 of the FPU control register (FCR). In FR81 Family CPU, only rounding up 
to the nearest value (RM=00p) can be set. 


Figure 3.3-24 shows the bit configuration of rounding mode (RM). Table 3.3-10 shows details of the 
rounding mode. 


Figure 3.3-24 Rounding mode (RM) Bit Configuration 
bit19 bit18 Initial value 


Table 3.3-10 Rounding mode 


RM Rounding mode 
00, The nearest value 
Olp 0 
10, “boo 
ll, -00 
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Floating point exception enable flag (EEF) is a 6-bit register that enables exception occurrences of floating 
point calculation. It lies between bit 17 and bit 12 of the FPU control register (FCR). 


Figure 3.3-25 shows the bit configuration of the floating point exception enable flag (EEF). 


Figure 3.3-25 Floating point exception enable flag (EEF) Bit Configuration 


bit17 bit16 biti5 biti4 bit13 biti2 Initial value 


po [x [uo] z] vy] wx. 


The content of each bit are described below. 


[bit17] D : D flag 
This is a unnormalized number input exception enable flag. When this bit has been set to "1", the 


FPU exception occurs upon input of an unnormalized number. When this bit has been set to "0", the 
unnormalized number is regarded as "0" for calculation purposes. 


[bitl6] X : X flag 
This is an inexact exception enable flag. When this bit is set to "1" and an inexact has occurred in 


the calculation result, FPU exception occurs. When this bit is set to "0", the value resulting from 
rounding up is written in the register. 


[bitl5] U: U flag 
This is an underflow exception enable flag. When this bit is set to "1" and an underflow has 
occurred in the calculation result, FPU exception occurs. When this bit is set to "0", a value "0" is 
written in the register. 


[bitl4] O: O flag 
This is an overflow exception enable flag. When this bit is set to "1" and an overflow has occurred 


in the calculation result, FPU exception occurs. When this bit is set to "0", + co or + MAX is written 
in the register in accordance with the rounding mode (RM). 


[bit13] Z : Z flag 
This is a division-by-zero exception enable flag. When this bit is set to "1" and division-by-zero is 


carried out, FPU exception occurs. When this bit is set to "0", infinite (co), which indicates that the 
calculation has been carried out appropriately, is written in the register. 


[bit12] V : V flag 
This is an invalid calculation exception enable flag. When this bit is set to "1" and an invalid 
calculation is carried out, FPU exception occurs When this bit is set to "0", QNaN is written in the 
register in the calculation type instruction, + MAX is written in the register in the conversion 
instruction, and "1" (unordered) is set for the U flag of the floating point condition code (FCC) in 
the compare instruction. 
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@ Floating point exception accumulative flag (ECF) 
Floating point exception accumulative flag (ECF) is a 6-bit register that indicates the accumulative number 
of occurrences of floating point calculation exceptions. It lies between bit 11 and bit 6 of the FPU control 
register (FCR). Only a "0" can be written in the accumulative flags. The flag value will not be changed 
when "1" is written in the accumulative flags. The write value is evaluated by bit. 


Figure 3.3-26 shows the bit configuration of the floating point exception accumulative flag (ECF). 


Figure 3.3-26 Floating point exception accumulative flag (ECF) Bit Configuration 


bit11 bitiO bit9 bit8 bit7 bité Initial value 


fo [x [ufo lz] y | xox. 


The content of each bit are described below. 


[bit 1] D : D flag 


This flag indicates that an unnormalized number has been entered while the unnormalized number 
input exception is disabled (EEF:D=0). This is a accumulative flag. 


[bit10] X : X flag 


This flag indicates that the calculation result has become inexact while the inexact exception is 
disabled (EEF:X=0). This is a accumulative flag. 


[bit9] U : U flag 


This flag indicates that an underflow has occurred in the calculation result while the underflow 
exception is disabled (EEF:U=0). This is a accumulative flag. 


[bit8] O : O flag 


This flag indicates that an overflow has occurred in the calculation result while the overflow 
exception is disabled (EEF:0=0). This is a accumulative flag. 


[bit7] Z : Z flag 


This flag indicates that a division by zero has occurred while the division-by-zero exception is 
disabled (EEF:Z=0). This is a accumulative flag. 


[bit6] V : V flag 


This flag indicates that an invalid calculation has been carried out while the invalid calculation 
exception is disabled (EEF: V=0). This is a accumulative flag. 
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Floating point exception flag (CFE) is a 6-bit register that indicates the exception occurrence of floating 
point calculation. It lies between bit 5 and bit 0 of the FPU control register (FCR). Each flag is set 
according to the calculation result. Each flag shall be cleared using software. Each flag can be set only to 
"0", and writing "1" to the flag is invalid. The write value is evaluated by bit. If the flag has not been 
cleared during exception processing, each flag is cumulated. 


Figure 3.3-27 shows the bit configuration of the floating point exception flag (CFE). 


Figure 3.3-27 Floating point exception flag (CFE) Bit Configuration 


bits bit4 bits bit2 biti bitd Initial value 


Pox [uo] zy] wx. 


The content of each bit are described below. 


[bits] D : D flag 


This flag is set when an unnormalized number has been input while the unnormalized number input 
exception is enabled (EEF:D=1). 


[bit4] X : X flag 


This flag is set when the calculation result has become inexact while the inexact exception is 
enabled (EEF: X=1). 


[bit3] U : U flag 


This flag is set when an underflow has occurred in the calculation result while the underflow 
exception is enabled (EEF:U=1). 


[bit2] O : O flag 
This flag is set when an overflow has occurred in the calculation result while the overflow exception 
is enabled (EEF:O=1). 

[bitl] Z : Z flag 
This flag is set when a division by zero has occurred while the division-by-zero exception is enabled 
(EEF:Z=1). 

[bitO] V : V flag 


This flag is set when an invalid calculation has been carried out while the invalid calculation 
exception is enabled (EEF:V=1). 


FUJITSU MICROELECTRONICS LIMITED CM71-00105-1E 


CHAPTER 3 PROGRAMMING MODEL 


FR81 Family 3.3 


3.3.15 


Exception status register (ESR) 
This is a 32-bit register that indicates the balance of process when an exception occurs while executing the 


invalid instruction exception source and the multiple load/store instruction. 


The exception status register (ESR) consists of the following two parts: 
¢ Register list (RL) 


e Invalid instruction exception source (INV) 
Figure 3.3-28 shows the bit configuration of the exception status register (ESR). 


Figure 3.3-28 Exception status register (ESR) Bit Configuration 
bit31 biti16 bit15 bit7 bit6 bitO 


The reserved bits of the exception status register (ESR) are all reserved for future expansion. The read 
value of reserved bits is always "0". Write value should always be "0". 


@ Register List (RL) 


Register list (RL) is a 16-bit register that indicates registers whose transmission has not ended when an 
exception occurs while a LDM0O, LDM1, STMO, STM1, FLDM, or FSTM instruction is executed. It lies 
between bit 31 and bit 16 of the exception status register (ESR). The register list (RL) value is updated only 
when an exception occurs while a LDMO, LDM1, STMO, STM1, FLDM, or FSTM instruction is executed. 


Figure 3.3-29 shows the bit configuration of the register list (RL), and Table 3.3-11 shows the 
correspondence between the register list (RL) bits and the registers. 


Figure 3.3-29 Register List (RL) Bit Configuration 


bit3 1 biti6 Initial value 
RL15 RLO 0000H 


Table 3.3-11 Correspondence between the register list (RL) bits and the registers 


bit of ESR register 31 30 29 28 27 26 25 24 
RL bit RL15 RL14 RL13 RL12 RL11 RL10 RLY RL8 
LDM1, LDMO instruction | R15 R14 R13 R12 R11 R10 ROY R8 
STM1, STMO instruction | RO Rl R2 R3 R4 R5 R6 R7 
FLDM instruction FRI5 FR14 FR13 FR12 FRI1 FRI1O FR9 FR8 
FSTM instruction FRO FRI FR2 FR3 FR4 FR5 FR6 FR7 

ESR bit 23 22 21 20 19 18 17 16 
RL bit RL7 RL6 RLS RL4 RL3 RL2 RLI_ | RLO 
LDM1, LDMO instruction | R7 R6 R5 R4 R3 R2 Rl RO 
STM1, STMO instruction | R8 R9 R10 R11 R12 R13 R14 R15 
FLDM instruction FR7 FR6 FR5 FR4 FR3 FR2 FRI FRO 
FSTM instruction FR8 FR9 FRI1O FRI1 FR12 FR13 FR14 | FRI5 
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@ Invalid instruction exception source (INV) 
Invalid instruction exception source (INV) is a 7-bit register that indicates the source causing an invalid 
instruction exception. It lies between bit 6 and bit 0 of the exception status register (ESR). Each flag is set 
only when the source occurs. Each flag shall be cleared using software. Each flag can be set only to "0", 
and writing "1" to the flag is invalid. The write value is evaluated by bit. 


Figure 3.3-30 shows the bit configuration of the invalid instruction exception source (INV). 


Figure 3.3-30 Invalid instruction exception source (INV) Bit Configuration 


bit6 bitO —_ Initial value 


[or] [FU] Pr [SPA] OS] mt] vont 


The content of each bit are described below. 


[bit6] DT : Data access error 


This flag is set when a bus error occurs during data access to a buffer-disabled area, or a system 
register is accessed in user mode. 


[bit5] IF : Instruction fetch error 


This flag is set when a bus error occurs during instruction fetch, and the instruction is executed. 


[bit4] FPU : FPU absence error 


This flag is set when an floating point type instruction is executed on a model without FPU installed. 


[bit3] PI : Privilege instruction execution 


This flag is set when a RETI or STILM instruction is executed in user mode. 


[bit2] SPR : System-dedicated register access 


This flag is set when a MOV or LD instruction is executed to the table base register (TBR), system 
stack pointer (SSP), or the exception status register (ESR) in user mode. 


[bit1] DS : Invalid instruction placement on delay slot 


This flag is set when an instruction that cannot be placed on delay slot is executed on the delay slot. 


[bitO] RI : Undefined instruction 


This flag is set when an undefined instruction code is being executed. 
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3.3.16 | Debug Register (DBR) 


The debug register (DBR) is a dedicated register accessible only in the debug state. Writing to this register 
other than in debug state is regarded as invalid. 


Figure 3.3-31 shows the bit configuration of Debug Register (DBR). 


Figure 3.3-31 Debug Register (DBR) Bit Configuration 


bit31 bitO 


Initial value 
XXXX XXXXy 
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Floating point registers are using that store results for floating point calculations. 
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The floating-point register is 16, each having 32-bit length. As for the register, the name of FRO to FR15 is 


named. 


Figure 3.4-1 shows the construction and the initial value of the floating-point register. 


Figure 3.4-1 The construction and the initial value of the floating-point register 


FRO 


FRI 


FR2 


FR3 


FR4 


FRS5 


FR6 


FR7 


FR8 


FR9 


FR10 


FRI11 


FR12 


FR13 


FR14 


FR15 


< 


32 bit 


> 


[Initial value] 


XXXK XXXXy 
XXXX XXXXy 
XXXK XXXXyq 
XXXX XXXXyq 
XXXXK XXXXy 
XXXXK XXXXyq 
XXXK XXXXyq 
XXXXK XXXXyq 
XXXK XXXXy 
XXXXK XXXXy 
XXXX XXXXy 
XXXX XXXXy 
XXXX XXXXy 
XXXXK XXXXyq 
XXXX XXXXy 


XXXX XXXXy 
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PROCESSING 


This chapter describes reset and EIT processing in the 
FR81 family CPU. EIT processing is the generic name for 
exceptions, interrupt and trap. 


4.1 Reset 

4.2 Basic Operations in EIT Processing 

4.3 Processor Operation Status 

4.4 Exception Processing 

4.5 Interrupts 

4.6 Traps 

4.7 Multiple EIT processing and Priority Levels 
4.8 Timing When Register Settings Are Reflected 
4.9 Usage Sequence of General Interrupts 


4.10 Precautions 
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Reset 


FR81 Family 


A reset forcibly terminates the current process, initializes the device, and restarts the 
program from the reset vector entry address. 
The reset process is executed in privilege mode. Transition to user mode should be 
carried out by executing a RETI instruction. 
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When a reset is generated, CPU terminates the processing of the instruction execution at that time and goes 


into inactive status until the reset is cancelled. When the reset is cancelled, the CPU initializes all internal 


registers and starts execution beginning with the program indicated by the new value of the program 


counter (PC). 


Reset processing has a higher priority level than each operation of the EIT processing described later. Reset 


is accepted even in between an EIT processing. 


When a reset is generated, FR81 family CPU makes an attempt to initialize each register, but all registers 


cannot be initialized. Each register sets a value through the program executed after a reset, and uses it. 


Table 4.1-1 shows the registers that are initialized following a reset. 


Table 4.1-1 Registers that are initialized following a reset 


Register Initial Value Remarks 
Program counter (PC) Word data at location 0OOF FFFCy Reset vector 
Interrupt level mask register ILM) | 15(01111,) 
Step trace trap flag (T) “0” Trace OFF 
Interrupt enable flag (I) “0” Interrupt disabled 
Stack flag (S) “Q” Use SSP 
Table base register (TBR) OOOF FCO0,4 
System stack pointer (SSP) 0000 00004 
Debug state flag (DBG) “OQ” No debug state 
User mode flag (UM) “O” Privilege mode 
Exception status register (ESR) 0000 00004 
General-purpose register R15 SSP As per stack flag (S) 


For details of My computer built-in functions (peripheral devices, etc.) following a reset, refer to the 
Hardware Manual provided with each device. 
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4.2 


Basic Operations in EIT Processing 


Exceptions, interrupts and traps are similar operations applied under partially different 
conditions. They save information for terminating or restarting the execution of 
instructions and perform branching to a processing program. 


4.2.1 


Types of EIT Processing and Prior Preparation 


EIT processing is a method which terminates the currently executing process and transfers control to a 
predetermined processing program after saving restart information to the memory. EIT processing 
programs can return to the prior program by use of the RETI instruction. 


EIT processing operates in essentially the same manner for exceptions, interrupts and traps, with a few 
minor differences listed below by which it differentiates them. 


Exceptions are related to the instruction sequence, and processing is designed to resume from the 
instruction in which the exception occurred. 


Interrupts originate independently of the instruction sequence. Processing is designed to resume from the 
instruction immediately following the acceptance of the interrupt. 


Traps are also related to the instruction sequence, and processing is designed to resume from the 
instruction immediately following the instruction in which the trap occurred. 


While performing EIT processing, apply to the following prior settings in the program. 
¢ Set the values in vector table (defining as data) 

¢ Set the value of system stack pointer (SSP) 

¢ Set the value of table base register (TBR) as the initial address in the vector table 


* Set the value of interrupt level mask register (ILM) above 16(10000,) 


¢ Set the interrupt enable flag (I) to "1" 


The setting of interrupt level mask register (ILM) and interrupt enable flag (I), will be required at the time 
of using interrupts. 


To support the emulator debugger debug function, a processing called "break" is carried out in the user 
state of debugging. The processing differs from usual EIT. The following shows the sources causing 
"preak". The break processing is executed when the source is detected in the user state. 


e Instruction break exception 
e Break interrupt 
¢ Step trace trap 


¢ INTE instruction execution 
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2.2 


Instruction at which EIT event is detected — IF | ID | EX | MA} WB 
Canceled instruction — IF | ID | xxxx |xxxx | xxxx 
Canceled instruction — IF | Xxxx | Xxxx | XXXX | XXXX 
(1)Vector address calculation and new PC setting — _|!D(1) | EX(1)|MA(1) | WB(1) 
EIT sequence (2) SSP update andPS save — — | ID) |EX@)|MA@)|WB2) 
(3) SSP update and PC save > — | ID(8) | EX(3) | MA) WB(8) 
(4) Detection of new EIT event — — | !D() | EX(4)|MA(4) WB(A) 
First instruction in EIT handler sequence (branching instruction) — IF | ID | EX | MA} PC 


FR81 Family 


EIT Processing Sequence 
FR81 family CPU processes EIT events as follows. 


1. The vector table indicated by the table base register (TBR) and the offset value of the vector number 
corresponding to the particular EIT are used to determine the entry address for the processing program 
for the EIT. 


2. For restarting, the contents of the old program counter (PC) and the old program status (PS) are saved to 
the stack area designated by the system stack pointer (SSP). 


3. "0" is saved in the stack flag (S). Also, the interrupt level Mask Register (ILM) and interrupt enable flag 
(1) are updated through EIT. 


4. Entry address is saved in the program counter (PC). 


5. After the processing flow is completed, just before the execution of the instruction in the entry address, 
the presence of new EIT sources is determined. 


Figure 4.2-1 shows the operations in the EIT processing sequence. 


Figure 4.2-1 Operations in EIT Processing Sequence 


Vector tables are located in the main memory, occupying an area of 1 Kbyte beginning with the address 
shown in the table base register (TBR). This area is used as a table of entry addresses for EIT processing. 


For details on vector tables, refer to "2.1.2 Vector Table Area" and "3.3.6 Condition Code Register 
(CCR)". 


Regardless of the value of stack flag (S), the program status (PS) and program counter (PC) is saved in the 
stack pointed to by the system stack pointer (SSP). After an EIT processing has commenced, the program 
counter (PC) is saved in the address pointed to by the system stack pointer (SSP), while the program status 
(PS) is saved at address 4 plus the address pointed to by the system stack pointer (SSP). 


Figure 4.2-2 shows an example of saving program counter (PC) and program status (PS) during the 
occurrence of an EIT event. 
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Figure 4.2-2 Example of storing of PC, PS during an EIT event occurrence 


[Example] [Before interrupt] [After interrupt] 
SSP 800000004 SSP [__7FFFFFF8y | 
Memory Memory 
7FFFFFF8H 7FFFFFF8 4 PC 
7FEFFFFCH 7FFFFFFCu PS 
80000000H 800000004 


4.2.3 


Recovery from EIT Processing 


RETI instruction is used for recovery from an EIT processing program. The RETI instruction retrieves the 
value of program counter (PC) and program status (PS) from the system stack, EIT and recovers from the 


EIT processing. 


1. Retrieving program counter (PC) from the system stack 
(SSP) — PC SSP+4 — SSP 


2. Retrieving program status (PS) from the system stack 
(SSP) > PS SSP+4 — SSP 


To ensure the program execution results after recovery from the EIT processing program, it is required that 
all contents of the CPU registers before the commencement of EIT processing program have been saved at 
the time of recovery. The registers used in the EIT processing programs should be saved in the system stack 


and retrieved just before the RETI instruction. 
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Processor Operation Status 


Processor operation is comprised of four states: Reset, normal operation, low-power 
consumption, and debugging. 
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@ Reset state 


A state where the CPU is being reset. Two levels are provided for the reset state: Initialize level and reset 
level. When an initialize level reset is issued, all functions inside the MCU chip are initialized. When a 
reset level is issued, functions except debug control, and some parts of the clock and reset controls are 
initialized. 


@ Normal operation state 


A state where the sequential instructions and EIT processing are currently executed. Privilege mode 
(UM=0) and user mode (UM=1) are provided for the normal operation state. Some instructions and access 
destinations are disabled in user mode while they are enabled in privilege mode. 


After release of a reset state, the system enters privilege mode in the normal operation state, and is shifted 
to user mode by executing a RETI instruction. In the normal operation state, user mode is shifted to 
privilege mode by executing reset or EIT, and privilege mode is shifted to user mode by executing a RETI 
instruction. 


@ Low-power consumption stat 


A state where the CPU stops operating to save power consumption. Transition to the lower power 
consumption state is carried out by controlling the stand-by in the clock control section. Three modes are 
provided for the low-power consumption state: Sleep, stop and clock. An interrupt shall be used to restore 
the system from the low-power consumption state. 


@ Debugging state 


A state where an in-circuit emulator (ICE) is connected, and debug related functions are enabled. The 
debugging state is separated into a user state and a debug state. In principle, a debugging state shall be 
shifted to the other state via a reset. However, a normal operation state can be forcibly shifted to a 
debugging state. 


As is the case with the normal operation state, privilege mode (UM=0) and user mode (UM=1) are 
provided for the user state. However, when a break is executed for debugging the state is shifted to the 
debug state. It is carried out in privilege mode under the debug state, and all registers and whole memory 
area can be accessed by disabling the memory protection and other functions. The debug state is shifted to 
the user state by executing a RETI instruction. 


Figure 4.3-1 shows transition between the processor operation states. 
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Figure 4.3-1 Transition between processor operation states 
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4.4 Exception Processing 


Exceptions originate when there is a problem in the instruction sequence. Exceptions 
are processed by first saving the necessary information to resume the currently 
executing instruction, and then starting the processing routine corresponding to the 
type of exception that has occurred. 


Branching to the exception processing routine takes place before execution of the instruction that has 


caused the exception. The address of the instruction in which the exception occurs becomes the program 


counter (PC) value that is saved to the stack at the time of occurrence of the exception. 


The following factors can cause occurrence of an exception: 


Invalid instruction exception 

Instruction access protection violation exception 
Data access protection violation exception 

FPU exception 

Instruction break 


Guarded access break 


4.4.1 Invalid Instruction Exception 


An invalid instruction exception occurs when an invalid instruction is being executed. The following 


sources can cause the invalid instruction exception. 


Executing an undefined instruction code. 

Executing on delay slot an instruction that cannot be placed on the delay slot. 

Writing to a system-dedicated register (TBR, SSP, or ESR) in user mode (with MOV or LD instruction). 
Executing a privilege instruction (RETI or STILM) in user mode. 

Executing a floating point instruction while FPU is absent. 

Occurrence of a bus error during instruction fetch. 


Occurrence of a bus error or violation of system register access during data access to a buffer-disabled 
area. 


The following operations are performed if an invalid-instruction exception is accepted. 


1. 


Transition to privilege mode is carried out, and the stack flag (S) is cleared. 
"0" > UM "oO" = S 


2. Contents of program status (PS) are saved to the system stack. 


SSP - 4 > SSP PS — (SSP) 


3. Contents of the program counter (PC) of an exception source instruction are saved to the system stack. 
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SSP - 4 > SSP PC — (SSP) 
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4. The program counter (PC) value is updated by referring to the vector table. 
(TBR + 3C4y) > PC 


5. Anew EIT event is detected. 


The address saved to the system stack as a program counter (PC) value represents the instruction itself that 
caused the undefined instruction exception. When a RETI instruction is executed, the contents of the 
system stack should be rewritten with the exception processing routine so that the execution will either 
resume from the address of the instruction next to the instruction that caused the exception. 


Instruction Access Protection Violation Exception 


An instruction access protection exception occurs when an instruction is executed in an area protected by 
the memory protection function. 


During debugging, this exception can be treated as a break source according to an indication from the 
debugger. In this case, the instruction access protection violation exception does not occur. 


Upon acceptance of the instruction access protection violation exception, the following operations take 
place. 


1. Transition to privilege mode is carried out, and the stack flag (S) is cleared. 
"0" —y UM "o" = S 
2. The contents of the program status (PS) are saved to the system stack. 


SSP-4— SSP PS — (SSP) 


3. The contents of the program counter (PC) of an exception source instruction are saved to the system 
stack. 


SSP-4— SSP PC > (SSP) 
4. The program counter (PC) value is updated by referring to the vector table. 
(TBR + 3E4y) — PC 


5. A new EIT event is detected. 


Data Access Protection Violation Exception 


A data access protection violation exception occurs when an invalid data access is executed in an area 
protected by the memory protection function. 


During debugging, this exception can be treated as a break source according to an indication from the 
debugger. In this case, the data access protection violation exception does not occur. 


If this exception occurs during data access with a RETI instruction in the process of an EIT sequence, the 
CPU stops operating and is capable of accepting a reset and break interrupt. 
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If this exception occurs while executing LDM0O, LDM1, STMO, STM1, FLDM, or FSTM instruction, 
contents of execution until the occurrence are reflected in registers and memory. Check the register list 
(ESR:RL) for how far the instruction is executed. 


Upon acceptance of the instruction access protection violation exception, the following operations take 
place. 


1. Transition to privilege mode is carried out, and the stack flag (S) is cleared. 
"0" as UM "oO" = S 
2. The contents of the program status (PS) are saved to the system stack. 


SSP-4— SSP PS — (SSP) 


3. The contents of the program counter (PC) of an exception source instruction are saved to the system 
stack. 


SSP-4— SSP PC — (SSP) 
4. The program counter (PC) value is updated by referring to the vector table. 
(TBR + 3E0y) > PC 


5. A new EIT event is detected. 


FPU Exception 


An FPU exception occurs when a floating point instruction is executed. The occurrence of the floating 
point exception can be restrained with the floating point control register (FCR). 


To prevent a subsequent instruction from being completed before detection of the FPU exception, when the 
FPU exception is enabled, a pipeline hazard should be generated in order to stall the pipeline. Thus the 
subsequent instruction will not pass the floating point instruction. 


The following describes sources causing the FPU exception. For details on conditions of the occurrence, 
see the description of each instruction. 


e When an unnormalized number has been input while the unnormalized number input is enabled. 

e When the calculation result has become inexact while the inexact exception is enabled. 

¢ When an underflow has occurred in the calculation result while the underflow exception is enabled. 
¢ When an overflow has occurred in the calculation result while the overflow exception is enabled. 

¢ When a division-by-zero operation has occurred while the division-by-zero exception is enabled. 


e¢ When an invalid calculation has been executed while the invalid calculation exception is enabled. 


Upon acceptance of the FPU exception, the following operations take place. 


1. Transition to privilege mode is carried out, and the stack flag (S) is cleared. 
"0" > UM "0" —S 

2. The contents of the program status (PS) are saved to the system stack. 
SSP-4— SSP PS — (SP) 
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The contents of the program counter (PC) of an exception source instruction are saved to the system 
stack. 


SSP-4—SSP PC — (SSP) 


The program counter (PC) value is updated by referring to the vector table. 
(TBR + 3E8y) > PC 


A new EIT event is detected. 


4.4.5 Instruction Break 


An instruction break generates an exception or a break based on address instructions given by the debug 


support unit (DSU). Upon detection of the instruction break in the user state during debugging, a break 


processing is carried out. Upon detection of the instruction break during normal operation, an exception 


processing is carried out. 


The following describes the brake processing being carried out when the instruction break is accepted in 


the user state. 


. Transition to privilege mode is carried out, the stack flag (S) is cleared, 4 is set to the interrupt level 


mask register (ILM), and then the mode is shifted to the debug state. 
"0" > UM "O" 3S "4" — ILM 


. The contents of the program status (PS) are saved to the PS save register (PSSR). 


PS — PSSR 


The contents of the program counter (PC) of an exception source instruction are saved to the PS save 
register (PCSR). 
PC — PCSR 


. An instruction is fetched from the emulator debug instruction register (EIDR1), and the handler is 


executed. 


The following describes the exception processing being carried out when the instruction break is accepted 


during normal operation. 


CM71-00105-1E 


. Transition to privilege mode is carried out, the stack flag (S) is cleared, and 4 is set to the interrupt level 


mask register (ILM). 
"0" + UM "O"—3S "4" — ILM 


. The contents of the program status (PS) are saved to the system stack. 


SSP-4— SSP PS — (SSP) 


. The contents of the program counter (PC) of an exception source instruction are saved to the system 


stack. 
SSP-4-— SSP PC — (SSP) 


. The program counter (PC) value is updated by referring to the vector table. 


(TBR + 3D44;) > PC 


. Anew EIT event is detected. 
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Guarded Access Break 


Guarded access break is a function that carries out a break processing instead of generating an exception 
when an instruction access protection violation or a data access protection violation occurs during 
debugging. 


Whether each access protection violation is treated as a break or an exception processing is determined by 
the debugger. The guarded access break does not occur during normal operation. 


If the debugger determines to carry out the break processing when instruction break has been accepted in 
the user state, the following operations are carried out. 


1. Transition to privilege mode is carried out, the stack flag (S) is cleared, 4 is set to the interrupt level 
mask register (ILM), and then the mode is shifted to the debug state. 


"0" +> UM "0" 3S "4" — ILM 
2. The contents of the program status (PS) are saved to the PS save register (PSSR). 
PS — PSSR 


3. The contents of the program counter (PC) of an exception source instruction are saved to the PS save 
register (PCSR). 
PC — PCSR 


4. An instruction is fetched from the emulator debug instruction register (EIDR1), and the handler is 
executed. 
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Interrupts 


Interrupts originate independently of the instruction sequence. They are processed by 
saving the necessary information to resume the currently executing instruction 
sequence, and then starting the processing routine corresponding to the type of the 
interrupt that has occurred interrupt. 


4.5.1 


Instruction loaded and executing in the CPU before the interrupt will be executed till completion. However 
any instruction loaded in the pipeline after the interrupt will be cancelled. Hence, after completion of the 
interrupt processing, processing will return to the instruction following the generation of the interrupt 
signal. 


The following four factors cause the generation of interrupts. 
¢ General interrupts 

¢ Non-maskable interrupt (NMI) 

¢ Break interrupt 


e Data access error interrupt 


In case an interrupt is generated during the execution of stepwise division instructions, intermediate data is 
saved to the program status (PS) to enable resumption of processing. Therefore, if the interrupt processing 
program overwrites the contents of the program status (PS) data in the stack, the processor will resume the 
normal instruction operations following resumption of processing. However the results of the division 
calculation will be incorrect. 


General interrupts 


General interrupts originate as requests from in-built peripheral functions. Here, the in-built interrupt 
controller present in devices and external interrupt control units have been described as one of the 


peripheral functions. 


The interrupt requests from various in-built peripheral functions are accepted via interrupt controller. 
There are some interrupt requests which use external interrupt control unit, taking external terminals as 
interrupt input terminals. Figure 4.5-1 shows the acceptance procedure of general interrupts. 
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Figure 4.5-1 Acceptance Procedure of General Interrupts 
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Each interrupt request is assigned an interrupt level by the interrupt controller, and it is possible to mask 
requests according to their level values. Also, it is possible to disable all interrupts by using the interrupt 
enable flag (I) in the condition code register (CCR). 


When interrupt requests are generated by peripheral functions, they can be accepted under the following 
conditions. 


¢ The level of interrupt level mask register (ILM) is higher (i.e. the numerical value is smaller) than the 
interrupt level set in the interrupt control register ICR) corresponding to the vector number 


¢ The interrupt enable flag (I) in the condition code register (CCR) is set to “1” 


Interrupt control register (ICR) is a register of interrupt controller. Refer to the hardware manual of various 
models for details about the interrupt controller. 


The following operations are performed after a general interrupt is accepted. 


1. Transition to privilege mode is carried out, the stack flag (S) is cleared, and the accepted interrupt 
request level is set to the interrupt level mask register (ILM). 


"0" > UM "0" 3S Interrupt level — ILM 
2. The contents of the program status (PS) are saved to the system stack. 
SSP - 4 — SSP PS — (SSP) 
3. The address of the instruction next to that accepted a general interrupt is saved to the system stack. 
SSP - 4 > SSP next instruction address > (SSP) 
4. The program counter (PC) value is updated by referring to the vector table. 
(TBR + Offset) + PC 


5. A new EIT event is detected. 


When using general interrupts, it is required to set the interrupt level in the interrupt control register (ICR) 
corresponding to the vector number of the interrupt controller. Also perform the settings of the various 
peripheral functions and interrupt enable. Refer to the hardware manual of each model for details on 
interrupt controller and various peripheral functions. 
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Non-maskable Interrupts (NMI) 


Non-maskable interrupts (NMJ) are interrupts that cannot be masked. 


Depending upon the product series, there are models which do not support NMI (there are no external NMI 
terminals). Refer to the hardware manual of various models to check whether NMI is supported or not. 


Even if the acceptance of interrupts have been restricted by setting of "0" in the interrupt enable flag (I) of 
the condition code register (CCR), interrupts generated by NMI cannot be restricted. The masking of 
interrupt level by the interrupt level mask register (ILM) is valid. If a value above 16(10000,) is set in the 


interrupt level mask register (ILM) by a program, normally "NMI" cannot be masked by the interrupt level. 


The value of interrupt level mask register (ILM) is initialized to 15(01111,) following a reset. Therefore, 
NMI cannot be masked until a value above 16(10000,) by a program following a reset. 


When an NMI is accepted, the following operations are performed. 


1. Transition to privilege mode is carried out, the stack flag (S) is cleared, and 15 is set to the interrupt 
level mask register (ILM). 


"0" = UM "O" 3S "15" — ILM 
2. The contents of the program status (PS) are saved to the system stack 
SSP - 4 > SSP PS (SSP) 
3. The address of the instruction next to that accepted NMI is saved to the system stack. 
SSP - 4 > SSP next instruction address > (SSP) 
4. The program counter (PC) value is updated by referring to the vector table. 
(TBR + 3C0q) > PC 


5. A new EIT event is detected. 


Break Interrupt 


A break interrupt is used for break request from the debugger. The break interrupt is reported by a level, 
and accepted when the level is higher than that of the interrupt level mask register (ILM). The request 
levels from 0 to 31 are available. The level cannot be masked by the interrupt enable flag (1). 


The following describes conditions to accept the break interrupt. When the conditions are met, the CPU 
accepts the break interrupt. 


e When a break interrupt request level is higher than that of the interrupt level mask register (ILM) 
¢ When the CPU is operating in the user state during debugging 


The following describes the brake processing being carried out when the break interrupt is accepted. 


1. Transition to privilege mode is carried out, the stack flag (S) cleared, 4 is set to the interrupt level mask 
register (ILM), and then the mode is shifted to the debug state. 


"0" = UM "0" 3S "4" — ILM 


2. The code event is determined for the instruction next to that accepted the break interrupt. 
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3. The contents of the program status (PS) are saved to the PS save register (PSSR). 
PS — PSSR 


4. The contents of the program counter (PC) of the instruction next to that accepted the break interrupt are 
saved to the PC save register (PCSR). 


PC — PCSR 


5. An instruction is fetched from the emulator debug instruction register (EIDR1), and the handler is 
executed. 


Data Access Error Interrupt 


Data access error interrupts occur when a bus error occurs during data access to the buffer enabled 
specified area. Data access error interrupts can be enabled/disabled using the data access error interrupt 
enable bit (MPUCR:DEE). After a data access error interrupt occurs, a new data access error interrupt will 
not occur until the data access error bit (DESR:DAE) is cleared. 


The data access error interrupt acceptance conditions are described below. 


e The data access error interrupt enable bit (MPUCR:DEE) is enabled. 


e A bus error occurs during data access to the buffer enabled specified area. 


The following operations are carried out if a data access error interrupt is accepted. 
1. Transition to privilege mode is carried out, and the stack flag (S) is cleared. 
"0" > UM "0" —S 
2. The contents of the program status (PS) are saved to the system stack. 
SSP-4-—SSP PS — (SSP) 


3. The contents of the program counter (PC) of the instruction which accepted the interrupt are saved to the 
system stack. 


SSP-4—SSP PC-— (SSP) 


4. The program counter (PC) value is updated. 
(TBR + 3DCy) > PC 


5. A new EIT event is detected. 
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4.6 Traps 


Traps are generated from within the instruction sequence. Traps are processed by first 
saving the necessary information to resume processing from the next instruction in the 
sequence, and then starting the processing routine corresponding to the type of the 
trap that has occurred. 


Branching to the processing routine takes place after execution of the instruction that has caused the trap. 
The address of the instruction in which the trap occurs becomes the program counter (PC) value that is 
saved to the stack at the time of trap generation. 


Following factors can lead to generation of traps. 
¢ INT instruction 
¢ INTE instruction 


¢ Step trace traps 


4.6.1 INT Instructions 


The "INT #u8" instruction is used to create a trap through software. It generates a trap corresponding to the 
interrupt number designated in the operand. 


When the INT instruction is executed, the following operations take place. 

1. Transition to privilege mode is carried out, and the stack flag (S) is cleared. 
"0" > UM "0" 3S 

2. The contents of the program status (PS) are saved to the system stack. 
SSP - 4 > SSP PS — (SSP) 

3. The address of the next instruction is saved to the system stack. 
SSP - 4 > SSP next instruction address — (SSP) 

4. The program counter (PC) value is updated by referring to the vector table. 
(TBR + 3FCy - 4 x u8) > PC 

5. A new EIT event is detected. 


The value of program counter (PC) saved to the system stack represents the address of the next instruction 
after the INT instruction. 


4.6.2 INTE Instruction 


The INTE instruction is used to create a software trap for debugging. A trap does not occur when the 
system is in the debug state during debugging, or if the step trace trap flag (SCR:T) of the program status 
(PS) is set. The operation of the INTE instruction varies between the user state during debugging and 
normal operation. 
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The following operations are carried out when an INTE instruction is executed during normal operation. 


1. Transition to privilege mode is carried out, the stack flag (S) is cleared, and 4 is set to the interrupt level 
mask register (ILM). 


"0" = UM "0" 3S "4" — ILM 

2. The contents of the program status (PS) are saved to the system stack. 
SSP - 4 > SSP PS — (SSP) 

3. The contents of the program counter (PC) of the subsequent instruction are saved to the system stack. 
SSP - 4 > SSP next instruction address — (SSP) 


4. The program counter (PC) value is updated by referring to the vector table. 
(TBR + 3D8y) > PC 


5. A new EIT event is detected. 


The following operations are carried out when an INTE instruction is executed in the user state during 
debugging. 
1. Transition to privilege mode is carried out, the stack flag (S) is cleared, 4 is set to the interrupt level 
mask register (ILM), and then the mode is shifted to the debug state. 
"0" > UM "O" 3S "4" — ILM 
2. The contents of the program status (PS) are saved to the PS save register (PSSR). 
PS — PSSR 
3. The contents of the program counter (PC) of the subsequent instruction are saved to the PS save register 
(PCSR). 
PC — PCSR 


4. An instruction is fetched from the emulator debug instruction register (EIDR1), and the handler is 
executed. 


The address saved in the system stack as program counter (PC) represents the address of the next 
instruction after the "INTE" instruction. 


The INTE instruction should not be used within a trap processing routine of step trace trap. 


Step Trace Traps 


Step trace traps are traps used for debugging programs. Through this, a trap can be created after the 
execution of each instruction by setting the step trace trap flag (T) in the system condition code register 
(SCR). The operation of the step trace trap varies between the user state during debugging and normal 
operation. 


A step trace trap is accepted when an instruction for which the step trace trap flag (T) is changed from "0" 
to "1" is executed. A step trace trap does not occur when an instruction for which the step trace trap flag (T) 
is changed from "1" to "0" is executed. However, for RETI instructions, a step trace trap does not occur 
when a RETI instruction for which the step trace trap flag (T) is changed from "0" to "1"is executed. 
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A step trace trap is generated when the following conditions are met. 
¢ Step trace trap flag (T) in the system condition code register (SCR) is set to "1". 
e The currently executing instruction is not a delayed branching instruction 


¢ User state in which CPU is in normal operation or debugging 


Step trace trap is not generated immediately after the execution of a delayed branching instruction. It is 
generated after the execution of instruction within the delay slots. 


When the step trace trap flag (T) is enabled, non-maskable interrupts (NMI) and general interrupts are 
disabled. 


The following operations are carried out if a step trace trap is accepted during normal operation. 


1. Transition to privilege mode is carried out, the stack flag (S) is cleared, the step trace trap flag (T) is 
cleared, and 4 is set to the interrupt level mask register (ILM). 


"0" = UM "0" >S "0" > T "4" — ILM 
2. The contents of the program status (PS) are saved to the system stack 
SSP - 4 > SSP PS — (SSP) 
3. The contents of program counter (PC) of the next instruction is saved to the system stack 
SSP - 4 > SSP next instruction address > (SSP) 
4. The program counter (PC) value is updated by referring to the vector table. 
(TBR + 3CCy) — PC 


The address saved as program counter (PC) in the system stack represents the address of the next 
instruction after the step trace trap. 


The following operations are carried out for the brake process when a step trace trap is accepted in the user 
state during debugging. 


1. Transition to privilege mode is carried out, the stack flag (S) is cleared, the step trace trap flag (T) is 
cleared, 4 is set to the interrupt level mask register (ILM), and then the mode is shifted to the debug 


state. 
"0" > UM "0" 3S "0" > T "4" — ILM 
2. The contents of the program status (PS) are saved to the PS save register (PSSR). 
PS — PSSR 
3. The contents of the program counter (PC) of the subsequent instruction are saved to the PS save register 
(PCSR). 
PC — PCSR 


4. An instruction is fetched from the emulator debug instruction register (EIDR1), and the handler is 
executed. 


@ Restrictions 


The INTE instruction should not be used within the step trace trap handler. Use the OCD step trace 
function for the device installed with OCD-DSU. Do not use the step trace trap explained in this section, 
instead but always write "0" for step trace trap flag (T). 
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4.7 Multiple EIT processing and Priority Levels 


When multiple EIT requests occur at the same time, priority levels are used to select 


one source and execute the corresponding EIT sequence. 


4.7.1 Multiple EIT Processing 


When multiple EIT requests occur at the same time, CPU selects one source and executes the 


corresponding EIT sequence and then once applies EIT request detection for other sources before executing 


the instruction of the entry address, and this operation gets repeated. 


At the time of EIT request detection, when all acceptable EIT sources have been exhausted, the CPU 


executes the processing routine of the EIT request accepted in the end. 


When the processing is returned from the processing routine of the last EIT request accepted using the 


RETI instruction, the processing routine of the last but one EIT request is executed. When the processing is 


returned from the processing routine of the first accepted EIT request using the RETI instruction, the 


control returns to the user program after having processed a series of EIT processes. Figure 4.7-1 shows an 


example of multiple EIT processing. 


Figure 4.7-1 Example of Multiple EIT Processing 


User program 


Processing routine of NMI 
” 


Processing routine ; 
of INT instruction .-~ (1) First executes 
Ab: 


Priority level 


(High) NMI generated 


(Low) NMI instruction executed 


(2) Secondly executes 


v 


For example, if A, B, C are three EIT requests that have occurred simultaneously, and have been accepted 


in the order of B, C, A, the execution of the processing routine will be in the order A, C, B. 
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4.7.2 Priority Levels of EIT Requests 


The sequence of accepting each request and executing the corresponding processing routines when multiple 
EIT request occur simultaneously, is decided by two factors - by the priority levels of EIT requests, and, 
how other EIT requests are to be masked when one EIT request has been accepted. 


At the time when an EIT request occurs, and at the time of completion of an EIT sequence, the detection of 
EIT requests being generated at that time is performed, and which EIT request will be accepted will be 
decided. At the time of completion of the EIT sequence, the detection of EIT requests is carried out under 
the condition where masking has been done for the EIT sources other than the EIT request accepted just a 
while back. Table 4.7-1 shows the priority levels of EIT requests and masking of other sources. 


Table 4.7-1 Priority Levels of EIT Requests & Masking of Other Sources 


Priority level EIT Source Masking of other sources ILM after 
updated 


Reset Other sources discarded 


Instruction break 


Guided access Wiehe All factors given lower priority 


Invalid instruction exception 
Instruction access protection 
exception All factors given lower priority 
Data access protection exception 
FPU exception 


INT instruction I flag = 0 


INTE instruction All factors given lower priority 


General interrupt ILM= level of source accepted 


NMI ILM=15 


Data access error interrupt - 


Break interrupt All factors given lower priority Request level 


Step Trace Traps All factors given lower priority 4 


There are times when the value of interrupt level mask register (ILM) gets modified due to the EIT request 
accepted earlier and the other EIT sources occurring simultaneously get masked and cannot be accepted. In 
such a case, until the processing routine of EIT sources that have occurred simultaneously have been 
executed and the control has returned to the user program, the user interrupt is suspended and is re-detected 
at the time of resumption of the user program. 
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EIT Acceptance when Branching Instruction is Executed 


No interrupts are accepted when a branching instruction is executed for delayed branching instruction. 


Also, when an exception occurs in the delay slot, branching is cancelled, and the program counter (PC) for 


branching instruction is saved. Interrupts and traps are accepted for delay slot instruction. Table 4.7-2 


shows the EIT acceptance and saved PC value for branching instructions. 


Table 4.7-2 EIT acceptance and saved PC value for branching instruction 


EIT acceptance 
instruction 


Branching instruction 


Delay slot instruction 


EIT type 


Delay slot 


Exception 


Acceptance 


Saved PC 
value 


Interrupt/trap 


Acceptance 


Saved PC 
value 


Exception 


Acceptance 


Saved PC 
value 


Interrupt/trap 


Acceptance 


Saved PC 
value 


None 


O 


PC 


O 


Branching 
destination 


PC 


Branching 
instruction 


Branching 
destination 
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Timing When Register Settings Are Reflected 


The timing when the new values are reflected after the interrupt enable flag (I) of 
program status (PS) and the value of interrupt level mask register (ILM) are modified will 
be explained in this section. 


4.8.1 


Timing when the interrupt enable flag (I) is requested 


The interrupt request (enable/disable) is reflected from the instruction which modifies the value of interrupt 
enable flag (I). 


Figure 4.8-1 shows the timing of reflection of the interrupt enable flag (1) when interrupt enable is set to 
(I=1), and Figure 4.8-2 shows the timing of reflection of the interrupt enable flag (1) when interrupt disable 
is set to (I=0). 


Figure 4.8-1 Timing of reflection of interrupt enable flag (I) when interrupt enable is set to (l=1) 


masiucnee I flag Interrupt 
execution 
Instruction 0 Disable 
ORCCR #10H 1 Enable 


Instruction 


Enable 


Interrupt enabled from here 


Figure 4.8-2 Timing of reflection of interrupt enable flag (I) when interrupt disable is set to (l=0) 


fastucnon I flag Interrupt 
execution 
Instruction 1 Enable 
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4.8.2 Timing of Reflection of Interrupt Level Mask Register 
(ILM) 
Acceptance to interrupt request is reflected from the instruction which modifies the value of interrupt level 
mask register (ILM). 


Figure 4.8-3 shows the timing of reflection when the interrupt level mask register (ILM) is modified. 


Figure 4.8-3 Timing of reflection when the Interrupt level mask register (ILM) is modified 


pier LM ease 
Instruction A A 
STILM #set_ILM_B B B 
Instruction B B 
Instruction B B 


ILM is reflected from here 


"set_ILM_B" is a value of the interrupt level mask register (ILM) to be newly assigned. As in the case of 
STILM #30, assign a numeric value of 0 to 31. 
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4.9 Usage Sequence of General Interrupts 


General interrupts accept interrupt requests from in-built peripheral functions and 
external terminals, and perform EIT processing. The general points of caution of 
programming while using general interrupts have been described here. Refer to the 
hardware manual of various models as the detailed procedure differs as per the 
peripheral function. 


4.9.1 Preparation while using general interrupts 
Before using general interrupts, settings for EIT processing need to be made. Perform the following settings 
in the program beforehand. 
e Set values in the vector table (defined as data) 
¢ Set up the system stack pointer (SSP) values 
¢ Set up the table base register (TBR) value as the initial address in the vector table 


¢ Seta value of above 16(10000,) in the interrupt level mask register (ILM) 


¢ Set the value of "1" in the interrupt enable flag (1) 


After the above settings, the settings of the peripheral functions are performed. In case of peripheral 
functions which use general interrupts, two bits in the register of the peripheral functions require to be set - 
a flag bit that indicates that a phenomenon which can become an interrupt source has occurred, and an 
interrupt enable bit which uses this flag bit to enable or disable the interrupt request. 


The peripheral function verifies the operation halt status, the disable of interrupt request, and that the flag 
bit has been cleared. This state is achieved following a reset. 


In case the peripheral function is engaged in some operation, the interrupt request is disabled and the flag 
bit cleared after the operation of the peripheral function has been halted. 


The interrupt level is set in the interrupt control register (ICR) of the interrupt controller. As multiple 
interrupt control registers (ICR) are available corresponding to various vector numbers in the, please set an 
interrupt control register (ICR) corresponding to the vector number of the interrupt begin used. 


The operation of the peripheral function is resumed after clearing the flag bit and enabling the interrupt 
request. 
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Processing during an Interrupt Processing Routine 


After the interrupt request for a general interrupt has been accepted in the CPU as EIT following its 
generation, the control moves to the interrupt processing routine after the execution of the EIT sequence. 


Vector numbers are assigned to each source of general interrupts, and the interrupt processing routine 
corresponding to these vector numbers are started. The interrupt sources and vector numbers do not 
necessarily have a one-to-one correspondence, and at times the same vector number is assigned to multiple 
interrupt sources. In such a case, the same interrupt processing routine is used for multiple interrupt 


sources. 


Right in the beginning of the interrupt processing routine, the flag bit which indicates an interrupt source is 
verified. If the flag bit has been set, interrupt request for that interrupt is generated and the required 
processing (program) is executed after clearing the flag bit. In case, the same vector offset is being used for 
multiple interrupt sources, there are multiple flag bits indicating interrupt sources, and each of them are 
identified and processed in the same manner. 


It is necessary to clear the flag bit while the interrupt of that particular interrupt source is in the disabled 
state. When the interrupt processing routine is started after the execution of the EIT sequence, the interrupt 
level of the general interrupt is stored in the interrupt level mask register (ILM) and the general interrupt of 
that interrupt level is disabled. Make sure to clear the flag bit at the end of the interrupt processing without 
modifying the interrupt level mask register (ILM). 


The control is returned from the interrupt processing routine by the RETI instruction. 


Points of Caution while using General Interrupts 


Interrupt requests are enabled either when the corresponding flag bit has been cleared, or at the time of 
clearing the flag bit. Enabling interrupt requests when the flag bit is in the set state, leads to the generation 
of interrupt request immediately. 


While enabling interrupt requests, do not clear flag bit besides the interrupt processing routine. Flag bit 
should be cleared at the time of disabling interrupt request. 


In case a flag bit is cleared when a peripheral function is performing an operation, there are times when the 
flag bit cannot be cleared if the clearing of flag bit by writing to the register and the occurrence of a 
phenomenon which can be an interrupt source take place simultaneously or at a very close interval. 
Whether a flag bit will be cleared or not when the clearing of flag bit and the occurrence of a phenomenon 
that can become an interrupt source take place simultaneously, differs from one peripheral function to the 
other. 
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Precautions 


The precautions of The reset and the EIT processing described here. 


4.10.1 


4.10.2 


4.10.3 


Exceptions in EIT Sequence and RETI Sequence 


If a data access protection violation exception (including guarded access break) or invalid instruction 
exception (data access error) occurs in the EIT or RETI sequence, since access to the system stack area is 
disabled, the CPU goes into the inactive state. To restore the system from this state, reset the system or 


execute a break interrupt from the debugger. 


At this time, the data access protection violation exception or invalid instruction exception (data access 
error) cannot be accepted, and the processing is stopped immediately. The reset process/break process starts 
when a reset or break request is detected in the CPU stopped. If the CPU shifts to this stop state, since the 
EIT or RETI sequence is stopped in the middle of execution, it is impossible to execute the user program 
with this condition. 


Exceptions in Multiple Load and Multiple Store 
Instructions 


If a data access protection violation exception, invalid instruction exception (data access error), or guarded 
access break (data access) occurs when the LDMO, LDM1, STMO, STM1, FLDM or FSTM instruction is 
executed, the result of the processing up to this point is reflected in the memory or R15 (SSP/USP). The list 
of registers that have not been executed is stored in the register list of the exception status register (ESR). 


Exceptions in Direct Address Transfer Instruction 


If a data access protection violation exception, invalid instruction exception (data access error), or guarded 
access break (data access) occurs when data is transferred from the direct area to the memory by the direct 
address transfer instruction (DMOV), the I/O register value is updated when the I/O register value in the 
direct area is changed by reading. 
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PIPELINE OPERATION 


This chapter explains the chief characteristics of FR81 
family CPU like pipeline operation, delayed branching 
processing etc. 


5.1 Instruction execution based on Pipeline 

5.2 Pipeline Operation and Interrupt Processing 
5.3 Pipeline hazards 

5.4 Non-block loading 


5.5 Delayed branching processing 
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5.1 Instruction execution based on Pipeline 


FR81 Family CPU processes a instruction using a pipeline operation. This makes it 
possible to process to process nearly all instructions in one cycle. FR81 Family has two 
pipelines: an integer pipeline and floating point pipeline. 


Pipeline operation divides each type of step that carries out interpretation and execution of instructions of 
CPU in to stages, and simultaneously executes different stages of each instruction. Instruction execution 
that requires multiple cycles in other processing methods is apparently conducted in one cycle here. 


Processing of both the integer pipeline and floating point pipeline are common up to the decoding stage, 
and independent processing is carried out for each pipeline from the execution and subsequent stages. The 
process sequence for each pipeline differs from the sequence of issuing instructions. However, the 
processing result that has been acquired by following the program sequence procedure is guaranteed. 


5.1.1 Integer Pipeline 


Integer pipeline is a 5-stage pipeline compatible with FR family. A 4-stage load buffer is provided for non- 
blocking loading. 


The integer pipeline has the following 5-stage configuration. 


IF Stage: Fetch Instruction 


Instruction address is generated and instruction is fetched. 


ID Stage: Decode Instruction 


Fetched instruction is decoded. Register reading is also carried out. 


EX Stage: Execute Instruction 


Computation is executed. 


MA Stage: Memory Access 


Loading or access to storage is executed against the memory. 


WB Stage: Write Back to register 


Computation result (or loaded memory data) is written in the register. 


Example of the integer pipeline operation (1) is shown in Figure 5.1-1 and Example of integer pipeline 
operation (2) is shown in Figure 5.1-2. 
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Figure 5.1-1 Example of integer pipeline operation (1) 


(Example 1) 


LD @RI10, R1 IF ID EX | MA | WB 

LDI:8 #0x02, R2 IF ID EX | MA | WB 

CMP Ri, R2 IF ID EX | MA | WB 

BNE:D Label_G IF ID EX | MA | WB 

ADD #0x1, R1 IF ID EX | MA | WB 


In principle, execution of instructions is carried out at one instruction per cycle. However, multiple cycles 
are necessary for the execution of instruction in case of load store instruction accompanied by memory 
wait, non-delayed branching instruction, and multiple cycle instruction. The speed of instruction execution 
is also reduced in cases where there is a delay in the supply of instructions, such as internal conflict of bus 


in the CPU, instruction execution through external bus interface etc. 


Normally, instructions are executed sequentially in the integer pipeline. For example, if instruction A enters 
the pipeline before instruction B, it invariably reaches WB stage before instruction B. However, when the 
register used in Load instruction (LD instruction) is not used in the subsequent instruction, the subsequent 
instruction is executed before the completion of execution of load instruction based on the non-blocking 


loading buffer. 


Figure 5.1-2 Example of integer pipeline operation (2) 


(Example 2) 


LD @R10, R1 IF ID EX | MA | MA | MA | WB 

LDI:8 =#0x02, R2 IF ID EX | MA | WB 

CMP Ri, R2 IF ID ID ID EX | MA | WB 

BNE:D Label_G IF ID EX | MA | WB 

ADD #0x1, R1 IF ID EX | MA | WB 


MA stage is prolonged in case of Load instruction (LD instruction) till the completion of reading of the 
loaded data. However, the subsequent instruction is executed as it is, if the register used in the load 


instruction is not used in the subsequent instruction. 


In the Example given in Figure 5.1-1, loading is carried out in R1 (load value is written in R1) based on 
preceding LD instruction, and R1 contents are referred to in the subsequent CMP instruction. Since the 


loaded data returns in | cycle, execution of instructions is sequential. 


Similarly in the Example given in Figure 5.1-2, R1 that writes load value with LD instruction is used in the 
CMP instruction. Since the loaded data does not return in | cycle, execution till LDI:8 instruction is carried 


out and CMP instruction is made to wait at the ID stage by register hazard. 
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Floating Point Pipeline 


The floating point pipeline is a 6-stage pipeline used to execute floating point calculations. The IF stage 
and ID stage are common with the integer pipeline. 


The floating point pipeline has the following 5-stage configuration. 
¢ IF Stage: Fetch Instruction 
Instruction address is generated and instruction is fetched. 
¢ ID Stage: Decode Instruction 
Fetched instruction is decoded. Register reading is also carried out. 
¢ El Stage: Execute Instruction | 
Computation is executed. Multiple cycles may be required depending on the instruction. 
¢ El Stage: Execute Instruction 2 
The result is rounded and normalized. 
¢ WB Stage: Write Back to register 


Computation result is written in the register. 
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Pipeline Operation and Interrupt Processing 


It is possible at times that an event wherein it appears that interrupt request is lost after 
acceptance of interrupt, if the flag that causes interrupt in the interrupt-enabled 
condition, because pipeline operation is conducted, occurs. 


5.2.1 


5.2.2 


Mismatch in Acceptance and Cancellation of Interrupt 


Because CPU is carrying out pipeline processing, pipeline processing of multiple instructions is already 
executed at the time of acceptance of interrupt. Therefore, in case corresponding interrupt cancellation 
processing among the instructions under execution in the pipeline (For example, clearing of flag bits that 
cause interrupt) is carried out, branching to corresponding interrupt processing program is carried out 
normally but when control is transferred to interrupt processing, the interrupt request is at times already 
over (Flag bits that cause interrupt having been cleared). 


An Example of Mismatch in Acceptance and cancellation of interrupt is shown is Figure 5.2-1. 


Figure 5.2-1 Example of Mismatch in Acceptance and Cancellation of interrupt 


Interrupt request 

; None, None, None ; None (Generale Cancobd, None, pane One 
LD @R10, R1 IF ID | EX | MA | WB ! : : 
ST R2, @R11 IF ID | EX | MA | WB | ) ; 
ADD R1, R3(cancelled) IF ID -- -- -- : 
BNETestOK (cancelled) IF os -- -- -- : 
EIT sequence execution #1 IF ID EX | MA | WB 


--:Canceled stages 


This type of phenomenon does not occur in case of exceptions and trap, because the operation for request 
cancellation cannot be carried out in the program. 


Method of preventing the mismatched pipeline conditions 


Mismatch in Acceptance and Deletion of interrupt can occur in case flag bits that cause interrupt are 
cleared while interrupt request is enabled in the peripheral functions. 


To avoid such a phenomenon, programmers should set the interrupt enable flag (I) at "0", disable interrupt 
acceptance in CPU and clear the flag bits that cause an interrupt. 
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Pipeline hazards 


The FR81 Family CPU executes program steps in the order in which they are written and 
is therefore equipped with a function that detects the occurrence of data hazards and 
construction hazards, and stops pipeline processing when necessary. 


5.3.1 


5.3.2 
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Occurrence of data hazard 


A data hazard occurs if dependency that refers or updates the register exists in between the preceding and 
subsequent instructions. The CPU may simultaneously process one instruction that involves writing values 
to a register, and a subsequent instruction that attempts to refer to the same register before the write process 


is completed. 


An example of a data hazard is shown in Figure 5.3-1. In this case, the reading of R1 used as the address 
will read the value before the modification, as the read timing precedes the writing to RI requested by the 
just previous instruction. (Actually, the data hazard is avoided, and the modified value is read.) 


Figure 5.3-1 Example of a data hazard 


ADD RO, R1 IF ID EX | MA | WB :Writecycleto R1 
SUB R1, R2 IF ID EX | MA | WB :Read cycle from R1 


Register Bypassing 


Even when a data hazard does occur, it is possible to process instructions without operating delays if the 
data intended for the register to be accessed can be extricated from the preceding instruction. This type of 


data transfer processing is called register bypassing. 


An example of Register Bypassing is indicated in Figure 5.3-2. In this example, instead of reading the R1 
in the ID stage of SUB instruction, the program uses the results of the calculation from ADD instruction 


(before the results are written to the register) and thus executes the instruction without delay. 


Figure 5.3-2 Example of a register bypass 


ADD RO, R1 IF ID EX | MA | WB : Data calculation cycleto R1 
SUB R11, R2 IF ip EX | MA | WB : Readcycle from R1 
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Interlocking 


Instructions that are relatively slow in loading data to the CPU may cause data hazards that cannot be 


handled by register bypassing. 


In the example Figure 5.3-3, data required for the ID stage of the SUB instruction must be loaded to the 
CPU in the MA stage of the LD instruction, creating a data hazard that cannot be avoided by the bypass 


function. 


Figure 5.3-3 Example: Data Hazard that cannot be avoided by Bypassing 


LD @RO, R1 IF ID | EX | MA | WB : Data read cycleto RO 


SUB R1, R2 IF ID |} EX | MA | WB : Readcycle from R1 


In cases such as this, the CPU executes the instruction correctly by pausing before the execution of 


subsequent instruction. This function is called interlocking. 


In the example in Figure 5.3-4, the ID stage of the SUB instruction is delayed until the data is loaded from 
the MA stage of the LD instruction. 


Figure 5.3-4 Example of Interlocking 


LD @RO, R1 IF ID EX |,MA | WB : Data readcycleto RO 
SUB R1, R2 IF ID ID EX | MA | WB : Readcycle from R1 


Interlocking produced by reference to R15 after 
Changing the Stack flag (S) 


The general purpose register R15 is designed to function as either the system stack pointer (SSP) or user 
stack pointer (USP). For this reason the FR Family CPU is designed to automatically generate an interlock 
whenever a change to the stack flag (S) in the program status (PS) is followed immediately by an instruction 
that references the R15. This interlock enables the CPU to reference the SSP or USP values in the order in 


which they are written in the program. 


Hardware design similarly generates an interlock whenever a TYPE-A format instruction immediately 
follows an instruction that changes the value of Stack flag (S). For information on instruction formats, see 


Section "6.2.3 Instruction Formats". 


Structural Hazard 


A structural hazard occurs if a resource conflict occurs between instructions which use the same hardware 
resource. If this hazard is detected, the pipeline is interlocked to pause the processing of subsequent 


instruction until the hazard is eliminated. 
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Control Hazard 


A control hazard occurs when the next instruction cannot be fetched before the branching instruction is 
complete. In FR81 Family, to reduce penalty due to this control hazard, the pre-fetch function that bypasses 
the branch destination address from the ID stage and the delayed branching instruction have been added. 


Therefore, penalties do not become apparent. 


@ Pre-fetch function 


FR81 Family CPU has a 32-bit 4-stage pre-fetch buffer, and fetches a subsequent instruction of consecutive 
addresses as long as the buffer is not full. However, when a branching instruction is decoded, the 
instruction is fetched from the branching destination regardless of the condition. If an instruction is 
branched, the instruction in the pre-fetch buffer is discarded, and the subsequent instruction in the 
branching destination will be pre-fetched. If not branched, the instruction in the branching destination is 


discarded, and the instruction in the pre-fetch buffer will be used. 


@ Delayed branching processing 


Delayed branching processing is the function to execute the instruction immediately following the 
branching instruction for pipeline operation by one, regardless of whether the branching is successful or 
unsuccessful. The position immediately following a branching instruction is called the delay slot. 
Instructions that can be placed in the delay slot should be executable in one state having 16-bit length. 
Placing an instruction that does not fit in the delay slot will result an invalid instruction exception to occur. 
Refer to Appendix A.3 for the list of instructions that can be placed in delay slot. 
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Non-block loading is carried out in FR81 Family CPU. A maximum of 4 loading instructions 
can be issued with precedence. 


In non-block loading, the subsequent instruction is executed without waiting for the completion of loading 
instruction, if the general-purpose register in which the load instruction value is stored is not referred in the 
subsequent instruction. 


As shown below, when register R1 that stores data value based on LD instruction is referred to in the 


subsequent ADD instruction, the ADD instruction is executed after storing R1 value based on LD 


instruction. 
LD @10,R1 
ADD R1,R2 —_ ; waits for completion of execution of preceding LD instruction 


As shown below, ADD instruction is executed without waiting for the completion of execution of LD 
instruction when R1 that stores data value by LD instruction is not referred to in the subsequent ADD 
instruction. After that, at the time of execution of SUB instruction that references R1, if the preceding LD 
instruction is not already executed, the SUB instruction is executed after waiting for the completion of 
execution of that LD instruction. 


LD @10,R1 
ADD R2,R3 ; Does not wait for completion of execution of preceding LD instruction 
SUB R1,R3 ; waits for completion of execution of preceding LD instruction 


A maximum of 4 load instructions can be executed with precedence. It can also be used in the following 
way for issuing multiple LD instructions with precedence. 


LD @100,R1__; LD instruction (1) 

LD @ 104,R2 

LD @ 108,R3 

LD @112,R4 ;a maximum of four LD instructions can be issued with precedence 

ADD R5,R6 ; executed without waiting for the completion of execution of preceding LD 
instruction 

SUB R6,RO 

ADD R1,R5 ; executed after completion of execution of preceding LD instruction (1) 
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Delayed branching processing 


Because FR81 Family CPU features pipeline operation, the loading of the instruction is 
already completed at the time of execution of branching instruction. The processing 
speeds can be improved by using the delayed branching processing. 


5.5.1 
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Example of branching with non-delayed branching 
instructions 


Non-delayed branching instruction executes instructions in the order of program but the execution speed 
drops down by | cycle as compared to delayed branching instruction when branching. 


In a pipeline operation, by the time the CPU recognizes an instruction as a branching instruction the next 
instruction has already been loaded. To process the program as written, the instruction following the 
branching instruction must be cancelled in the middle of execution. Branching instructions that are handled 


in this manner are non-delayed branching instructions. 


The example of processing non-delayed branching instruction with fulfilled branching conditions is given 
in Figure 5.5-1 which shows that execution of the "ST R2,@R12" instruction (instruction placed 
immediately after branching instruction) that had started pipeline operation before fetching instruction from 
the branching destination is cancelled in the middle. Due to this, program processing happens as the 
program is written, but branching instruction apparently takes 2 cycles for completion. 


Figure 5.5-1 Example of processing of Non-Delayed Branching instruction 
(Branching conditions satisfied) 


LD @R10, R1 IF ID EX | MA | WB 
LD @R11, R2 
ADD Ri, R3 


BNE TestOK(branching conditions satisfied) 


ST R2, @R12(instruction immediately after) 


ST R2, @R13(branch destination instruction) 


-- :Canceled stages 


: PC change 


Figure 5.5-2 shows an example of processing a non-delayed branching instruction when branching 
conditions are not fulfilled. In this example, the "ST R2,@R12" instruction (instruction kept immediately 
after branching instruction) that started pipeline processing before fetching instruction from the branching 
destination is executed without being cancelled. The processing of program happens as written in the 
program since the instructions are executed sequentially, without branching, and branching instruction 
execution speed is apparently of 1 cycle. 
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Figure 5.5-2 Example of processing of Non-Delayed Branching instruction 
(Branching conditions not satisfied) 


LD @R10, R1 IF ID EX | MA | WB 

LD @R11, R2 IF ID EX | MA | WB 

ADD R11, R3 IF ID EX | MA | WB 

BNE TestOK (branching conditions not satisfied) IF ID EX | MA | WB 

ST R2, @R12(instruction immediately after) IF ID EX | MA | WB | Notcanceled 
ADD #4, R12(subsequent instruction) IF ID EX | MA | WB 


Example of processing of delayed branching instruction 


Delayed branching instructions are processed with an apparent execution speed of | cycle, regardless of 
whether or not branching conditions are satisfied. When branching occurs, this is one cycle faster than 
using non-delayed branching instructions. However, the apparent order of instruction processing is inverted 


in cases where branching occurs. 


An instruction immediately following a branching instruction will already be loaded by the CPU by the 
time the branching instruction is executed. This position is called the delay slot. A delayed branching 
instruction is a branching instruction that executes the instruction in the delay slot regardless of whether or 


not branching conditions are satisfied. 


Figure 5.5-3 shows an example of processing a delayed branching instruction when branching conditions 
are satisfied. In this example, the branch destination instruction "ST R2,@R13" is executed after the 
instruction "ST R2,@R12" in the delay slot. As a result, the branching instruction has an apparent 
execution speed of | cycle. However, the instruction "ST R2,@R12" in the delay slot is executed before 
the branch destination instruction "ST R2,@R13" and therefore the apparent order of processing is 


inverted. 


Figure 5.5-3 Example of processing of Delayed Branching instruction (Branching conditions satisfied) 


LD @R10, R1 MA | WB 
LD @R11, R2 IF ID | EX | MA | WB 
ADD R1, R3 IF ID EX | MA | WB 
BNE:D TestOK(branching conditions satisfied) IF ID EX | MA | WB 
ST R2, @R12(delay slot instruction) IF ID EX | MA | WB | Not canceled 
ST R2, @R13(branch destination instruction) IF ID EX | MA | WB 
: PC change 
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Figure 5.5-4 shows an example of processing a delayed branching instruction when branching conditions 
are not satisfied. In this example, the instruction "ST R2,@R12" in delay slot is executed without being 
cancelled. As a result, the program is processed in the order in which it is written. The branching 


instruction requires an apparent processing time of | cycle. 


Figure 5.5-4 Example of processing of Delayed Branching instruction 


(Branching conditions not satisfied) 


Not canceled 


LD @R10, R1 IF ID | EX | MA | WB 

LD @R11, R2 IF ID | EX | MA | WB 

ADD R1, R3 IF ID EX | MA | WB 

BNE:D TestOK (branching conditions not satisfied) IF ID EX | MA | WB 

ST R2, @R12 (delay slot instruction) IF ID EX | MA | WB 

ADD #4, R12 IF ID | EX | MA |) WB 
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This chapter presents an overview of the instructions 
used with the FR81 Family CPU. 


6.1 Instruction System 

6.2 Instructions Formats 

6.3 Data Format 

6.4 Read-Modify-Write type Instructions 
6.5 Branching Instructions and Delay Slot 


6.6 Step Division Instructions 
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6.1 Instruction System 


FR81 Family CPU has the integer type instruction of upward compatibility with FR80 
Family and floating point type instruction executed by FPU. 


6.1.1 Integer Type Instructions 


Integer type instructions, in addition to instruction type of general RISC CPU, is also compatible with 
logical operation optimized for embedded use, bit operation and direct addressing instructions. 


Integer type instructions of FR81 Family CPU can be divided into the following 15 groups. 


@ Add/Subtract Instructions 


These are the Instructions to carry out addition and subtraction between general-purpose registers or a 
general-purpose register and immediate data. They also enable computation with carry used in multi-word 
long computation or computations where flag value of Condition Code Register (CCR) convenient for 
address calculation is not changed. 


@ Compare Instructions 
These are the Instructions to carry out subtraction between general-purpose registers or a general-purpose 
register and immediate data and reflect the results in the flag of Condition Code Register (CCR). 


@ Logical Calculation Instructions 


These are the Instructions to carry out logical calculation for each bit between general-purpose registers or 
a general-purpose register and memory (including I/O). Logical calculation types are logical product 
(AND), logical sum (OR), and exclusive logical sum (EXOR). Memory addressing is register indirect. 


@ Bit Operation Instructions 


These are the Instructions to carry out logical calculation between memory (including I/O) and immediate 
value and operate directly for each bit. Logical calculation types are logical product (AND), logical sum 
(OR), and exclusive logical sum (EXOR). Memory addressing is register indirect. 


@ Multiply/Divide Instructions 


These are the instructions to carry out multiplication and division between general-purpose register and 
multiplication/division result register. There are 32 bit x 32 bit, 16 bit x 16 bit multiplication instructions 
and step division instructions to carry out 32 bit + 32 bit division. 


@ Shift Instructions 


These are the instructions to carry out shift (logical shift, arithmetic shift) of general-purpose registers. By 
specifying general-purpose register or immediate data, shift (Barrel Shift) of multiple bits can be specified 
at once. 
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@ Immediate Data Transfer Instructions 
These are the instructions to transfer immediate data to general-purpose registers and can transfer 
immediate data of 8bit, 20 bit, and 32 bit. 

@ Memory Load Instructions 


These are the instructions to load from memory (including I/O) to general-purpose registers or dedicated 
registers. They can transfer data length of 3 types namely, bytes, half-words and words and memory 
addressing is register indirect. 


During memory addressing of some Instructions, Displacement Register Indirect or Increment/Decrement 
Register Indirect Address is possible. 
@ Memory Store Instructions 


These are the instructions to store from general-purpose register or dedicated register to memory (Including 
I/O). They can transfer data length of 3 types namely, bytes, half-words and words and memory addressing 
is register indirect. 


During memory addressing of some Instructions, Displacement Register Indirect or Increment/Decrement 
Register Indirect Address is possible. 

@ Inter-register Transfer Instructions/Dedicated Register Transfer Instructions 
These are the instructions to transfer data between general-purpose registers or a general-purpose register 
and dedicated register. 

@ Non-delayed Branching Instructions 
These are the instructions that do not have delay slot and carry out branching, sub-routine call, interrupt and 
return. 

@ Delayed Branching Instructions 
These are the instructions that have delay slot and carry out branching, sub-routine call, interrupt and 
return. Delay slot instructions are executed when branching. 

@ Direct Addressing Instructions 


These are the instructions to transfer data between general-purpose register and memory (INCLUDING I/O) 
or between two memories. Addressing is not register indirect but direct specification with operand of 
instruction. 


In some instructions, in combination with specific general-purpose registers, access is made in combination 
with increment/decrement Register Indirect addressing. 
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@ Bit Search Instructions 


These are the instructions that have been added to FR81/FR80 Family CPU. They search 32-bit data of 
general-purpose register from MSB and obtain the first "1" bit, "0" bit and bit position of change point 
(distance of bit from MSB). 


They correspond to bit search module packaged in the family prior to FR81/FR80 Family (FR30 Family, 
FR60 Family etc.) as peripheral function. 


@ Other Instructions 


These are the instructions to carry out flag setting, stack operation, sign/zero extension etc. of Program 
Status (PS). There are also high-level language compatible Enter Function/Leave Function, Register Multi 
load/store Instructions. 


See “A.2 Instruction Lists” to know about the groups and types of Instructions. 


Floating Point Type Instructions 


The floating point type instructions is an instruction added in FR81 family CPU. The floating point type 
instructions is divided into the following six groups. 


@ FPU Memory Load Instruction 


This is an instruction to load data from memory to the floating point register. Memory addressing is register 
indirect. Displacement Register Indirect or Increment/Decrement Register Indirect Address is possible. 


@ FPU Memory Store Instruction 


This is an instruction to store data from the floating point register in memory. Memory addressing is 
register indirect. Displacement Register Indirect or Increment/Decrement Register Indirect Address is 
possible. 


@ FPU Single-Precision Floating Point Calculation Instruction 


This is an instruction to perform single-precision floating point calculations. 


@ FPU Inter-Register Transfer Instruction 


This is an instruction to transfer data between floating point registers or between the floating point register 
and general-purpose register. 


@ FPU Branching Instruction without Delay 


This is a conditional branching instruction without a delay slot. 


@ FPU Branching Instruction with Delay 


This is a conditional branching instruction with a delay slot. 
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This part describes about Instruction Formats of FR81 Family CPU. 


6.2.1 Instructions Notation Formats 


@ Integer type instruction 


The integer type instruction is 2 operand format. There are 3 types of Instruction notation formats 
depending on the number of operands. Instruction notation formats are as follows. 


<Mnemonic> <Operand 1> <Operand 2> 


Mnemonic calculations are carried out between operand 2 and operand | and the results are stored at 


operand 2. 
Ex: ADD R1,R2 ;R2+R1->R2 


<Mnemonic> <Operand 1> 
Operations are designated by a mnemonic and use operand 1. 


Ex: JMP @RI1 ;R1-> PC 


<Mnemonic> 
Operations are designated by a mnemonic. 


Ex: NOP ; No Operation 


Operands have general-purpose register, dedicated register, immediate data and combinations of part of 


general-purpose register and immediate data. Operand format varies depending on Instruction. 


@ Floating point type instruction 


Floating point type instruction is 3 operand format. The following description formats are added. 


<Mnemonic> <Operand 1> <Operand 2> <Operand 3> 


Mnemonic calculations are executed between operand | and operand 2 and the results are stored in 
operand 3. For some of the instructions, calculations are executed between operand 3 and the 
calculation result of operand 1 and operand 2, and then the results are stored in operand 3. 


Ex: FADDs FR1, FR2, FR3 ; FRI + FR2 -> FR3 
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Addressing Formats 


There are several methods for address specification when accessing memory in the memory space or I/O 


register. Addressing format varies depending on Instruction. 


@General-purpose Registers 


It is Register Indirect Addressing. Address indicated by the content of the general-purpose register is 


accessed. 


@(R13, General-purpose Register) 


Address where virtual accumulator (R13) and contents of general-purpose register are added is 


accessed. 


@(R14,Immediate Data) 


Address where contents of Frame Pointer (R14) and immediate data are added is accessed. 
Immediate data is specified in the multiples of data size (word, half word, byte). 


@(R15, Immediate Data) 


Address where contents of Stack Pointer (R15) and immediate data are added is accessed. 
Immediate data is specified in the multiples of data size (word, half word, byte). 


@RI15+ 


Write access to the address indicated by the contents of Stack Pointer (R15) is made. 4 will be added 
to the stack pointer (R15). 


@-RI5 
Read access to the address which is deduction of 4 from the contents of Stack Pointer (R15) is made. 
4 will be deducted from the Stack Pointer (R15). 


@ Immediate Data 


It is direct addressing. Address indicated by immediate data is accessed. 


@R13+ 


Access to address indicated by the contents of virtual accumulator (R13) is made. Data size (Bytes) 
will get added to virtual accumulator (R13). 


@(BP, Immediate Data) 


Address where the base pointer (BP) and immediate data are added is accessed. Immediate data is 
specified in the multiples of data size (word, half word, byte). 
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FR81 Family CPU Instructions are 16-bit in length. Bit configuration of Instructions varies depending on 
configuration of operands of Instructions. Bit configuration of Instructions classified into groups is called 


Instruction Formats. 
There are 14 types of Instructions Formats TYPE-A through TYPE-N. 


TYPE-A 
It has 8-bit OP Code (OP) and two Register designated fields (Rj/Rs,Ri) 


MSB LSB 
OP Rj/Rs Ri 


TYPE-B 
It has 4-bit OP Code (OP) and 8-bit immediate data fields (18/08), register designated field (Ri) 


MSB LSB 


TYPE-C 
It has 8-bit OP Code (OP) and 4-bit immediate data fields (u4/m4/i4), register designated field (Ri) 


MSB LSB 
OP ud/m4/i4 Ri 
fan = M3 If fs = fh a= fs = fs =e) fie = sie al 


TYPE-D 
It has 8-bit OP Code (OP) and 8-bit immediate data field (u8) or address designated field (rel8/dir8). 


In some instructions, it is 8-bit register list designated field (rlist). 


MSB LSB 
OP u8/rel8/dir8/reglist 
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TYPE-E 
It has 12-bit OP Codes (OP) and register designated fields (Ri/Rs). 


MSB LSB 


TYPE-E’ 


It is deformation of TYPE-E. It has 12-bit OP Code (OP). TYPE-E register designated field is fixed 
to 0000, It is applied for instructions where 16-bit instruction code such as NOP Instruction or RET 


Instructions etc. is defined. 


MSB LSB 


TYPE-F 
It has 5-bit OP Code (OP) and 11-bit address designated filed (rel1 1). 


MSB LSB 


TYPE-G 


It has 8-bit OP code (OP) and 20bit immediate data field (120), register designated field (Ri). It has 
32-bit length and is applied only for LDI:20 Instruction. 


MSB LSB 
(n+0) fe) i20 (Upper) Ri 


(n+2) i20 (Lower) 
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TYPE-H 


It has 12bit OP code (OP) and 32bit immediate data field (i32), register designated field (Ri). It has 
48-bit length and is applied only for LDI:32 Instruction. 


MSB LSB 
(n+0) OP Ri 
(n+2) i32 (Upper} 
(n+4) 132 (Lower) 


TYPE-I 


It has 12-bit OP Code (OP) and 20-bit address designated filed (rel20). These are the instruction 
formats that have been added to FR81 Family CPU. 


MSB LSB 
(n+0) oP rel20 


(n+2) rel20 


TYPE-J 


It has 12-bit OP Code (OP), register designated fields (Rj/FRi/cc) and 16-bit address designated 
fields (ul16/rel16). These are the instruction formats that have been added to FR81 Family CPU. 


MSB LSB 
(n+0) oP Ri/FRi/cc 


(n+2) ul6/rel16 
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TYPE-K 
It has 12-bit OP Code (OP), register designated field (Rj) and floating point register designated filed 


(FRi). These are the instruction formats that have been added to FR81 Family CPU. 


MSB LSB 
(n+0) OP Rj 
(n+2) : FRi 
TYPE-L 


It has 14-bit OP Code (OP) and 14-bit immediate data fields (014/u14), floating point register 
designated field (FRi). Immediate data fields are not used in some instructions. These are the 


instruction formats that have been added to FR81 Family CPU. 


MSB LSB 
(n+0) OP 014/ul4/- 
(n+2) 014/u14/- FRi 
TYPE-M 


It has 16-bit OP Code (OP) and three floating point register designated fields (FRk, FRj, FRi). These 
are the instruction formats that have been added to FR81 Family CPU. 


MSB LSB 


(n+0) OP 


FRk/- FRj/- FRi/- 


(n+2) : 
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TYPE-N 
It has 14-bit OP Code (OP) and floating point register list (frlist). These are the instruction formats 
that have been added to FR81 Family CPU. 


MSB LSB 
(n+0) OP : 


(n+2) frlist 


6.2.4 Register designated Field 


@ General-purpose register designated Field (Ri/Rj) 


Among Instruction formats, fields that designate general-purpose register are 4-bit length Ri and Rj. 
Relation between bit pattern of general purpose register and register designated field has been indicated in 
Table 6.2-1. 


Table 6.2-1 Bit pattern of general purpose register and register designated field 


Ri/ Rj | Register Ri/ Rj | Register 
0000, RO 10003 R8 
0001, RI 1001, R9 
0010, R2 1010, R10 
0011, R3 1011, R11 
0100, R4 1100, R12 
0101, R5 T101, R13 
01103 R6 1110, R14 
Olll, R7 1111, RI5 
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Among Instruction formats, field that designates dedicated register is 4-bit length Rs. Relation between bit 


pattern of dedicated register and register designated field has been indicated in Table 6.2-2. 


Table 6.2-2 Bit pattern of dedicated register and register designated field 


Rs Register Rs Register 
0000g | Table Base Register (TBR) 1000g | Exception status register (ESR) 
0001, | Return Pointer (RP) 1001, 
0010p | System Stack Pointer (SSP) 1010, 
0011p | User Stack Pointer (USP) 1011p 
0100g | Multiply/Divide Register (MDH) 1100, Reserved 
0101p | Multiply/Divide Register (MDL) 1101, 
0110, | Base pointer (BP) 1110, 
Olllg | FPU control register (FCR) 1111g | Debug register (DBR) 


Bit pattern which is shown as "Reserved" in the field that designates dedicated register is the reserved 


pattern. Operation when reserved pattern is specified is not covered by the warranty. 


@ Floating point register designated field 


Among instruction formats, fields that designate floating point register are 4-bit length FRi, FRj and FRk. 


The relationship between the bit pattern of the floating point register and register designated field is 
indicated in Table 6.2-3. 


Table 6.2-3 Bit pattern of floating point register and register designated field 


FRk/FRj/FRi Register FRk/FRj/FRi Register 
00008 FRO 1000 FR8 

0001, FR1 1001, FR9 

0010, FR2 10108 FR10 

0011p FR3 1011, FR11 

0100, FR4 1100, FR12 

0101p FR5 1101, FR13 

01105 FR6 1110, FR14 

Olllp FR7 1111, FRI5 
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6.3 Data Format 


This section describes the data type and format supported by FR81 Family CPU. In 
addition to integer type supported by FR80 and earlier, single precision floating point 


type has been added. 


6.3.1 Data Format Used by Integer Type Instructions (Common 
with All FR Family) 


@ Signed integer byte 


Signed integer byte is represented as consecutive 8 bits. Bit 7 represents the sign bit (S), and "0" represents 


positive or zero and "1" represents negative. 


MSB LSB 
7 6 0 
S 


@ Unsigned integer byte 


Unsigned integer byte is represented as consecutive 8 bits. 


MSB LSB 
7 0 


@ Signed integer half word 


Signed integer half word is represented as consecutive 16 bits. Bit 15 represents the sign bit (S), and "0" 


represents positive or zero and "1" represents negative. 


MSB LSB 
15 14 0 
S 


@ Unsigned integer half word 


Unsigned integer half word is represented as consecutive 16 bits. 


MSB LSB 
15 0 
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@ Signed integer word 


Signed integer word is represented as consecutive 32 bits. Bit 31 represents the sign bit (S), and "0" 
represents positive or zero and "1" represents negative. 


MSB LSB 
31 30 0 
S 


@ Unsigned integer word 


Unsigned integer word is represented as consecutive 32 bits. 


MSB LSB 
31 0 


6.3.2 Format Used for Floating Point Type Instructions 


@ Floating point format 


The IEEE 754 standard is used for floating point format. A floating point is represented by the following 3 
fields. 


Sign bit (Sign) "0" represents positive, and "1" represents negative. 


Exponent (Exponent) Bias representation with single precision bias of 127, and the 
double precision bias of 1023 


Fractional bit The fraction represents a number less than 1, but the significant is 
(Fraction) 1 plus the fraction part. 


Using the above-described symbols, floating point (normalized number) is represented by the following 
formula. Bias representation with single precision bias is 127, and the double precision bias is 1023. 


CIP x LE Koel 


In addition, there are special numbers of not-a-number (NaN), infinity (ce), zero and unnormalized number. 


Signaling NaN (SNaN) e - bias = Emax +1, and MSB of f is 0 


Quiet NaN (QNaN) e - bias = Emax +1, and MSB of fis 1 


Infinity (+ ©, - c) e - bias = Emax +1, and f is 0 


Normalized number e - bias = Between Emin and Emax 


Unnormalized number e - bias = Emin -1, and f is not 0 


Zero (+0, -0) e,f =0 
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@ Single precision floating point (32-bit) 


This conforms to IEEE754 single precision format and is represented as consecutive 32 bits. In the single 
precision floating point format, bit 31 represents the sign bit (S), bit 30 to bit 23 represent the exponent 
bits, and bit 22 to bit 0 represent the fractional bits. 


MSB LSB 
31 30 23 22 0 
S Exponent Fraction 
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6.4 Read-Modify-Write type Instructions 


Read-Modify-Write type Instructions are those that carry out a series of operations 
namely, arithmetic processing in the data read from the memory space and write the 
result in the same address of the memory space. 


IN registers of peripheral functions (I/O Registers), there are bits whose read values are different depending 
on instructions that independently carry out read access like LD Instruction and Read-Modify-Write type 
Instructions. Such bits have been described in the explanation on registers (I/O Registers) of peripheral 
functions. 


In case of Read-Modify-Write type Instructions, a different instruction based on EIT processing is not 
executed between Read access and Write access of one instruction. This is used for exclusive control that 
uses flag or semaphore between programs. 


Whether or not an instruction is Read-Modify-Write system Instruction is defined for each instruction. See 
"CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS". 
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6.5 


Branching Instructions and Delay Slot 


FR81 Family CPU Branching Instructions are of two types namely, Delayed Branching 
Instructions and Non-delayed Branching Instructions. 


6.5.1 


Delayed Branching Instructions 


In case of Delayed Branching Instructions, prior to execution of Branching Destination Instructions, 
instructions immediately after Branching Instructions are executed. Instructions immediately after Delayed 
Branching Instructions are called Delay slot. 


Branching Instructions having ":D" affixed to mnemonic are Delayed Branching Instructions. Next 
Instruction will be Delayed Branching Instruction. 


JMP:D @Ri CALL:D | labell2 CALL:D @Ri RET:D 

BRA:D label9 BNO:D _label9 BEQ:D _label9 BNE:D _label9 
BC:D _ label9 BNC:D _label9 BN:D label9 BP:D _ label9 
BV:D _ label9 BNV:D _ label9 BLT:D _ label9 BGE:D _label9 
BLE:D label9 BGT:D _label9 BLS:D _ label9 BHI:D | label9 


Since Delay Slot instructions are executed prior to Branching operation, apparent execution cycle of 
Branching Instruction will be 1 cycle. In case a valid instruction cannot be allocated in the Delay slot, it is 
necessary to allocate NOP Instruction. Example of Delayed Branching Instruction has been given below. 


; Instructions alignment 


ADD R1,R2 

BRA:D LABEL ; Branching Instructions 

MOV R2,R3 ; Delay slot (Executed before Branching) 
LABEL: ST R3,@R4 ; Branching Destination 


In case of Conditional Branching Instruction, whether or not Branching conditions are established, Delay 
slot instructions are executed. 


Instructions that can be placed in the Delay slot are only those that satisfy following conditions. When an 
attempt is made to execute an instruction that cannot be placed in the delay slot, an invalid instruction 
exception occurs and the EIT processing is carried out. 


¢ | cycle Instructions 


¢ Those that are not Branching Instructions 
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¢ Instructions that do not affect the operation even when the order is changed 


1 cycle Instructions are those where anyone variable namely 1, a, b, c, d is independently written in the 
CYC Column of "A.2 Instruction Lists". (Instructions which have 2a or 1+b are not | cycle instructions). 


List of instructions that can be placed in Delay Slot are indicated in "Appendix A.3". 


EIT processing such as Step Trace Trap, general interrupt, NMI etc. cannot be accepted between Delayed 
Branching Instructions and Delay Slot Instructions. 


6.5.2 Specific example of Delayed Branching Instructions 


Specific example of Delayed Branching Instruction is given below. 


"JMP:D @Ri" Instruction, "CALL:D @Ri" Instruction 


General-purpose register Ri referred to during JMP:D Instruction, CALL:D Instruction is not affected 
by the Branching Destination Address even if Delay Slot Instruction updates Ri. 


[Ex] 
LDI:32  #Label,RO 
JMP:D @RO ; Branching in Label 
LDI:8 #0,RO ; Does not affect Branching Destination Address 


RET:D Instruction 


Return Pointer (RP) referred to by RET:D Instruction is not affected even if Delay Slot Instruction 
updates the Return Pointer (RP). 


[Ex] 
RET:D ; Branching to address indicated by RP set prior to this 
MOV R8,RP ; Not affected by Return Operation 


Bcc:D Instructions 


Flag of Condition Code Register (CCR) referred to by Bcc:D Instruction is not affected by Delay Slot 


Instructions. 
[Ex] 
ADD #1,RO ; Flag change 
BC:D overflow ; Branching based on execution result of preceding ADD Instruction 
ANDCCR_ #0 ; Updating of this flag does not affect Branching 
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6.5.3 


CALL:D Instruction 


If Return Pointer (RP) is referred to based on Delay Slot Instruction of CALL:D Instruction, updated 
content will be read based on CALL:D Instruction. 


[Ex] 
CALL:D Label ; Branching after updating of RP 
MOV RP,RO ; Execution result of RP of preceding CALL:D Instruction is transferred to 


RO 


Non-Delayed Branching Instructions 


In case of Non-Delayed Branching Instructions, execution is carried out in the sequence of Instructions. 
Instruction immediately after Branching Instruction is never executed before branching. 


Branching Instructions without ":D" in mnemonic are Non-Delayed Branching Instructions. Next 
instruction will be Non-Delayed Branching Instruction 


JMP @Ri CALL | labell2 CALL @Ri RET 

BRA _ label9 BNO _ label9 BEQ label9 BNE label9 
BC label9 BNC _label9 BN label9 BP _ label9 
BV label9 BNV | label9 BLT label9 BGE label9 
BLE _ label9 BGT _label9 BLS label9 BHI _ label9 


Execution cycles of Non-Delayed Branching Instruction will be 2 cycles when Branching and | cycle when 
not branching. Example of Non-Delayed Branching Instruction is given below. 


; Sequence of Instructions 


ADD R1,R2 
BRA LABEL ; Branching Instruction 
MOV R2,R3 ; Not executed 

LABEL: ST R3,@R4 ; Branching Destination 


Compared to Delayed Branching Instructions where NOP Instruction is placed in the Delay Slot, efficiency 
of instruction code can be increased. Execution speed and Code Efficiency both can be realized by using 
Delayed Branching Instruction when valid instruction can be placed in the Delay Slot and using Non- 
delayed Branching Instruction otherwise. 
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6.6 


FR81 Family 


Step Division Instructions 


In FR81 Family CPU, 32-bit signed/unsigned division is carried out based on combination 
of Step Division Instructions. 


6.6.1 


100 


Step Division Instructions are of following types. 

¢ DIVOS (Initial Setting Up for Signed Division) 

¢ DIVOU (Initial Setting Up for Unsigned Division) 
¢ DIV1 (Main Process of Division) 

¢ DIV2 (Correction When Remain is zero) 

¢ DIV3 (Correction When Remain is zero) 


¢ DIVAS (Correction Answer for Signed Division) 


In order to realize signed division, combine the Instructions as follows. 


DIVOS, DIV1 x 32, DIV2, DIV3, DIV4S 


In order to realize unsigned division, combine the Instructions as follows. 


DIVOU, DIVI1 x 32 


For various Instructions, see "CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS". 


Signed Division 
Signed 32bit dividend is divided with signed 32 bit divisor and quotient of signed 32 bit and remainder of 
signed 32bit are obtained. 


Before carrying out division, dividend and divisor are set in the following register. 
¢ Multiplication/Division Register (MDL): Dividend of signed 32 bit (Dividend) 


¢ One of general-purpose registers: Divisor of signed 32 bit (Divisor) 


Signed division is carried out by executing following 36 Instructions. DIV1 Instructions 32 numbers are 
arranged after DIVOS Instructions. In the operand of DIVOS Instructions, DIV1 Instructions, DIV2 
Instructions general-purpose registers that store divisor are specified. 


DIVOS R2 ; Divisor in R2 
DIV1 R2 5 #1 
DIV1 R2 5 #2 


DIV1 R2 — ; #30 
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6.6.2 


DIV1 R23 #31 
DIV1 R23 #32 
DIV2 R2 

DIV3 

DIV4S 


Division results are stored in the following registers. 
¢ Multiplication/Division Register (MDL): quotient of signed 32 bit 
¢ Multiplication/Division Register (MDH): remainder of signed 32 bit 


Example of execution of signed division has been indicated in Figure 6.6-1. 


Figure 6.6-1 Example of execution of signed division 


R2 01234567 R2 01234567 
—> 

MDH x x x xX X X X X MDH FFFFFFFFE 

MDL |FEDCBAQ98 MDL FFFFFFFF 

D1 DOT D1 DOT 

SCR x x 0 SCR 110 

Before execution After execution 


In SOFTUNE Assembler, DIV Instruction has been arranged to carry out signed division as Assembler 
Pseudo Machine Instruction. Using this DIV Instruction in place of above mentioned 36 Instructions, 
signed division can be described with 1 Instruction. See "FR family SOFTUNE Assembler Manual" for 
DIV Instruction. 


Unsigned Division 


Dividend of unsigned 32 bit dividend is divided with unsigned 32bit divisor and quotient of unsigned 32 bit 
and remainder of unsigned 32 bit are obtained. 


Before carrying out division, dividend and divisor are set in the following register. 
¢ Multiplication/Division Register (MDL): Dividend of unsigned 32 bit (Dividend) 


¢ One of general-purpose registers: Divisor of unsigned 32 bit (Divisor) 


Unsigned division is carried out by executing following 33 Instructions. DIV1 Instructions 32 numbers are 
arranged after DIVOU Instruction. In the operand of DIVOU Instructions, DIV1 Instructions, general- 
purpose registers that store divisor are specified. 
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DIVOS 
DIV1 
DIV1 


DIV1 
DIV1 
DIV1 


R2 
R2 
R2 


R2 
R2 
R2 


; divisor in R2 
> #1 
5 #2 


; #30 
; #31 
; #32 


Division result is stored in the following registers. 


FR81 Family 


¢ Multiplication/Division Register (MDL): quotient of unsigned 32 bit 


¢ Multiplication/Division Register (MDH): remainder of unsigned 32 bit 


Example of execution of unsigned division has been indicated in Figure 6.6-2. 


R2 


MDH 
MDL 


SCR 


Figure 6.6-2 Example of execution of unsigned division 


01234567 


x xX X X X X X X 


FEDCBAQ98 


D1 DOT 
x x 0 


Before execution 


—> 


R2 


MDH 
MDL 


SCR 


01234567 


00000078 


O0O0000E0 


D1 DOT 
000 


After execution 


In SOFTUNE Assembler, DIVU Instruction has been arranged to carry out unsigned division as Assembler 


Pseudo Machine Instruction. Using this DIVU Instruction in place of above mentioned 33 Instructions, 
unsigned division can be described with | Instruction. See "FR family SOFTUNE Assembler Manual" for 
DIVU Instruction. 
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DETAILED EXECUTION 
INSTRUCTIONS 


This chapter explains each of the execution instructions 
used by the FR81 Family CPU, alphabetically in the 
reference format. 
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Refer to "A.1 Meaning of Symbols" for explanation regarding symbols used in detailed 
execution instructions. The respective instructions are explained separately in the 
following items. 


@ Assembler Format 


Shows the format of writing the instruction in the assembler language. 


@ Operation 


Shows the operation of an instruction by substituting it with an arrow mark (—). 


@ Flag Change 


Shows whether the flag of the Condition Code Register (CCR) changes by the execution of an instruction. 


@ Classification 


Shows Functional classification of instructions and the following sections of instructions. 
Instruction with delay slot: Instruction than can be positioned in the delay slot 
Read-Modify-Write system Instruction 

FR80 Family: Instructions added to FR80 Family and after CPUs 

FR81 Family: Instructions added in FR81 Family CPU 

FR81 Updating: Instruction to which definition is changed in FR81 family CPU 


@ Execution Cycle 


Shows the required number of clock cycles for instruction execution 


@ Instruction Format 


Shows the format and bit pattern of the instruction. 


@ Execution example 


Shows the operation example at the time of instruction execution. 
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7.1 ADD (Add 4bit Immediate Data to Destination Register) 


7.1 


Adds the result of higher 28 bits of 4-bit immediate data with zero extension(0-15) and 


stores the results to Ri. 


@ Assembler Format 


ADD #i4, Ri 


@ Operation 


Ri + extu(i4) S Ri 


@ Flag Change 


N/|Z/V/C 
C})/C}C]C 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 


C: Set when a carry has occurred as a result of the operation, cleared otherwise. 


@ Classification 


Add/Subtract Instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


LSB 


1 0 1 0 0 1 0 0 i4 Ri 
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@ Execution Example 


ADD #2, R3 ; Bit pattern of instruction: 1010 0100 0010 0011 


R3 9999 9997 R3 9999 9999 


NZVC NZVC 


CCR 0000 CCR 1000 


After execution 


Before execution 
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7.2 ADD (Add Word Data of Source Register to Destination 
Register) 


Adds word data of Rj to Ri, stores result to Ri. 


@ Assembler Format 


ADD Rj, Ri 


@ Operation 
Ri+ Rj > Ri 


@ Flag Change 


N/|Z/V/C 
C})/C}C]C 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 
V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 


C: Set when a carry has occurred as a result of the operation, cleared otherwise. 


@ Classification 


Add/Subtract Instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 


1 0 1 0 0 1 1 0 Rj 


Ri 
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@ Execution Example 


FR81 Family 


ADD R2, R3 ; Bit pattern of instruction: 1010 0110 0010 0011 

R2 1234 5678 R2 1234 5678 

R3 8765 4321 R3 9999 9999 
NZVC NZVC 

CCR 0000 CCR 1000 


108 


Before execution 


After execution 
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7.3 ADD2 (Add 4bit Immediate Data to Destination Register) 


Adds the result of the higher 28 bits of 4-bit immediate data with minus extension (-16 
to -1) to word data in Ri, stores results to Ri. Unlike SUB instruction, changing C flag of 
this instruction becomes it as well as the ADD instruction unlike the SUB instruction. 


@ Assembler Format 


ADD2 #14, Ri 


@ Operation 


Ri + extn(i4) > Ri 


@ Flag Change 


N/|Z/V/C 
C}/C}CI]C 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 
V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 


C: Set when a carry has occurred as a result of the operation, cleared otherwise. 


@ Classification 


Add/Subtract Instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 
1 0 1 0 0 1 0 1 i4 Ri 


LSB 
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@ Execution Example 


ADD2 #-2, R3 


R3 


CCR 


110 


9999 9999 


NZVC 


0000 


Before execution 


R3 


CCR 


FR81 Family 


; Bit pattern of instruction: 1010 0101 1110 0011 


9999 9997 


NZVC 


1001 


After execution 
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7.4 ADDC (Add Word Data of Source Register and Carry Bit to 
Destination Register) 


Adds word data and carry flag (C) of Rj to Ri, stores results in Ri. 


@ Assembler Format 


ADDC Rj, Ri 


@ Operation 
Ri+RjJ+C-Ri 


@ Flag Change 


N/|Z/V/C 
C})/C}C]C 
N: Set when MSB of the operation result is "1", cleared when MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 


C: Set when a carry has occurred as a result of the operation, cleared otherwise. 


@ Classification 


Add/Subtract Instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 


1 0 1 0 0 1 1 1 Rj Ri 
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1234 5678 
9999 9999 


NZVC 


After execution 


7.4 
@ Execution Example 
ADDC R2, R3 ; Bit pattern of the instruction: 1010 0111 0010 0011 
R2 1234 5678 R2 
R3 8765 4320 R3 
NZVC —? 
CCR 0001 CCR 
Before execution 
112 
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FR81 Family 7.5 
7.5 ADDN (Add Immediate Data to Destination Register) 


Adds the result of the higher 28 bits of the 4-bit immediate data with zero extension 
(0 to 15) to the word data of Ri, stores the results without changing flag settings. 


@ Assembler Format 


ADDN #4, Ri 


@ Operation 


Ri + extuGi4) > Ri 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Add/Subtract Instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
1 0 1 0 0 0 0 0 14 Ri 


CM71-00105-1E FUJITSU MICROELECTRONICS LIMITED 113 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.5 
@ Execution Example 
ADDN #2, R3 
R3 9999 9997 
NZVC 
CCR 0000 
Before execution 
114 
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R3 


CCR 


FR81 Family 


; Bit pattern of the instruction: 1010 0000 0010 0011 


9999 9999 


NZVC 


0000 


After execution 
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7.6 ADDN (Add Word Data of Source Register to Destination 
Register) 


Adds the word data of Rj to the word data of Ri, stores results in Ri without changing 
flag settings. 


@ Assembler Format 


ADDN Rj, Ri 


@ Operation 


Ri+ Rj > Ri 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Add/Subtract Instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
1 0 1 0 0 0 1 0 Rj Ri 
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@ Execution Example 


ADDN R2, R3 ; Bit pattern of the instruction: 1010 0010 0010 0011 


R2 1234 5678 R2 1234 5678 
R3 8765 4321 R3 9999 9999 

NZVC — NZVC 

CCR 0000 CCR 
Before execution After execution 
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7.7 ADDN2 (Add Immediate Data to Destination Register) 


Adds the result of the higher 28 bits of 4-bit immediate data with minus extension (-16 
to -1) to word data in Ri, stores the results in Ri without changing flag settings. 


@ Assembler Format 


ADDN2 #14, Ri 


@ Operation 


Ri + extnG4) > Ri 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Add/Subtract Instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
1 0 1 0 0 0 0 1 14 Ri 
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@ Execution Example 


ADDN2 #-2, R3 


R3 


CCR 


118 


9999 9999 


NZVC 


0000 


Before execution 
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R3 


CCR 


FR81 Family 


; Bit pattern of the instruction: 1010 0001 1110 0011 


9999 9997 


NZVC 


0000 


After execution 
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FR81 Family 7.8 
7.8 ADDSP (Add Stack Pointer and Immediate Data) 


Adds 4 times the 8-bit immediate data as a signed extended value to the word data of 
R15 and stores result in R15. Specifies the value of s8 x 14 as s10. 


@ Assembler Format 


ADDSP._ #s10 


@ Operation 


R15 + exts(s8x4) > R15 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Other instructions, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
1 0 1 0 0 0 1 1 s8 
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@ Execution Example 


ADDSP_ #-4 


R15 


120 


8000 0000 


Before execution 
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—p 


R15 


FR81 Family 


; Bit pattern of the instruction: 1010 0011 1111 1111 


7FFFFFEFC 


After execution 
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7.9 


7.9 AND (And Word Data of Source Register to Data in 


Memory) 


Takes the logical AND of the word data at memory address Ri and word data in Rj and 


stores the results to the memory address corresponding to Ri. 


@ Assembler Format 


AND Rj,@Ri 


@ Operation 
(Ri) & Rj > (Ri) 


@ Flag Change 


N/|Z/|V jC 
C|C}] - | - 


N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


@ Classification 


Logical calculation instruction, Read/Modify/Write type instruction 


@ Execution Cycle 


1+2a cycles 


@ Instruction Format 


MSB 


LSB 


1 0 0 0 0 1 0 0 Rj 


Ri 
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@ Execution Example 


; Bit pattern of the instruction: 1000 0100 0010 0011 


AND R2,@R3 
R2 11110000 
R3 1234 5678 
Memory 
12345678 101041010 
1234567C 
NZVC 
CCR 0000 
Before execution 
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—> 


R2 
R3 


12345678 
1234567C 


CCR 


FR81 Family 


1111 0000 


1234 5678 


Memory 


1010 0000 


NZVC 


0000 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 


7.10 


Register) 


AND (And Word Data of Source Register to Destination 


7.10 


Takes the logical AND of word data in Ri and word data in Rj and stores the results to 


Rj. 


@ Assembler Format 


AND Rj, Ri 


@ Operation 
Ri & Rj > Ri 


@ Flag Change 


N/|Z/|V jC 
C|C}] - | - 


Z: Set when the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


@ Classification 


Logical calculation instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


N: Set when the MSB of the operation result is "1", cleared when the MSB is "“0". 


LSB 


1 0 0 0 0 0 1 0 Rj Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.10 


@ Execution Example 


FR81 Family 


AND R2,R3 ; Bit pattern of the instruction: 1000 0010 0010 0011 
R2 1111 0000 R2 1111 0000 
R3 101031010 R3 1010 0000 
NZVC NZVC 
CCR 0000 CCR 0000 
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Before execution 
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After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 


7.11 ANDB (And Byte Data of Source Register to Data in 


Memory) 


7.14 


Takes the logical AND of the byte data at memory address Ri and the byte data in Rj and 


stores the results at Ri location in the memory. 


@ Assembler Format 


ANDB_ Rj,@Ri 


@ Operation 
(Ri) & Rj > (Ri) 


@ Flag Change 


N/|Z/|V jC 
C|C}] - | - 


N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


@ Classification 


Logical calculation instruction, Read/Modify/Write type instruction 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 


MSB 


LSB 


1 lt I et) Oe as Nh as, |,0, Rj Ri 
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FR81 Family 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.11 
@ Execution Example 
ANDB_ R2,@R3 __ ; Bit pattern of the instruction: 1000 0110 0010 0011 
R2 0000 0010 R2 0000 0010 
R3 1234 5678 R3 1234 5678 
Memor Memor 
y > y 
12345678 11 12345678 10 
12345679 12345679 
NZVC NZVC 
CCR 0000 CCR 0000 
After execution 


Before execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.12 
7.12 ANDCCR (And Condition Code Register and Immediate 
Data) 


Takes the logical AND of byte data in the condition code register (CCR) and 8-bit 
immediate data and returns the results to the CCR. 


@ Assembler Format 


ANDCCR  #u8 


@ Operation 


User mode: 


CCR & (u8 | 30H) > CCR 


Privilege mode 


CCR & u8 — CCR 


In user mode, a request to rewrite the stack flag (S) or the interrupt enable flag (I) is ignored. The S and I 


flags can only be changed in privilege mode. 


@ Flag Change 


S}ITI}|N{|ZiVqIC 
Ci}Cc};C;}CyC]C 


S, I, N, Z, V, C: Varies according to results of operation. 


@ Classification 


Other instructions, Instruction with delay slot, FR81 updating 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
1 0 0 0 0 0 1 1 u8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.12 


@ EIT Occurrence and Detection 


FR81 Family 


An interrupt is detected (the value of I flag after instruction execution is used). 


@ Execution Example 


ANDCCR #0FEH ; Bit pattern of the instruction: 1000 0011 1111 1110 


CCR 
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SINZVC 


010101 —_> CCR 


Before execution 
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SINZVC 


010100 


After execution 
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7.13 


FR81 Family 
7.13. ANDH (And Halfword Data of Source Register to Data in 


Memory) 


Takes the logical AND of the half-word data at Ri location of the memory and the half- 
word data in Rj and stores the results at Ri location of the memory. 


@ Assembler Format 


ANDH_ Rj,@Ri 


@ Operation 
(Ri) & Rj > (Ri) 


@ Flag Change 


N/|Z/ Vic 
C/C] - - 
N: Set when the MSB of the operation result is "1", cleared when the MSB (bit15) is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


@ Classification 


Logical calculation instruction, Read/Modify/Write type instruction 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
LSB 


MSB 
1200 [Oe Oe A, As) Rj 


Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.13 FR81 Family 


@ Execution Example 


ANDH R2,@R3 __ ; Bit pattern of the instruction: 1000 0101 0010 0011 


R2 0000 1100 R2 0000 1100 

R3 1234 5678 R3 1234 5678 

Memory —» Memory 

12345678 1010 12345678 1000 
1234567A 1234567A 

NZVC NZVC 

CCR 0000 CCR 0000 

Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.14 


FR81 Family 
7.14 ASR (Arithmetic shift to the Right Direction) 


Makes an arithmetic right shift of the word data in Ri by Rj bits, stores the result to Ri. 
Only the lower 5 bits of Rj, which designates the size of the shift, are valid and the shift 


range is 0 to 31 bits. 


@ Assembler Format 


ASR_ Rj, Ri 


@ Operation 
Ri >> Rj > Ri 


@ Flag Change 


N/|Z{]|V{C 
C)/C}-/C 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V: Unchanged. 
C: Holds the bit value shifted last. Cleared when the shift amount is "0". 


@ Classification 


Shift instructions, Instruction with delayed slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 
1 0 1 1 1 0 1 0 Rj 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.14 


@ Execution Example 


ASR R2,R3 
R2 |0000 0008 
R38 | FEOF FFFF 

NZVC 
CCR 0000 
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Before execution 
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R2 
R3 


CCR 


0000 0008 


FR81 Family 


; Bit pattern of the instruction: 1011 1010 0010 0011 


FFFFOFFF 


NZVC 


1001 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.15 


FR81 Family 
7.15 ASR (Arithmetic shift to the Right Direction) 


Makes an arithmetic right shift of the word data in Ri by u4 bits, stores the result to Ri. 


@ Assembler Format 


ASR #u4, Ri 


@ Operation 


Ri>>u4— Ri 


@ Flag Change 


N/|Z{|V{C 
C)/C}-/C 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V: Unchanged. 
C: Holds the bit value shifted last. Cleared when the shift amount is "0". 


@ Classification 


Shift instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 
1 0 1 1 1 0 0 0 u4 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.15 


@ Execution Example 


ASR #8, R3 


FR81 Family 


; Bit pattern of the instruction: 1011 1000 1000 0011 


R3 


FFOF FFFF 


CCR 


134 


NZVC 


0000 


Before execution 
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R3 


CCR 


FFFFOFFF 


NZVC 


1001 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 
7.16 ASR2 (Arithmetic shift to the Right Direction) 


7.16 


Makes an arithmetic right shift of the word data in Ri by u4+16 bits, stores the result to 
Ri. 


@ Assembler Format 


ASR2 #u4, Ri 


@ Operation 
Ri >> {u4+ 16} > Ri 


@ Flag Change 


N/|Z{]|V{C 
C)C}-/C 


N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V: Unchanged. 
C: Holds the bit value shifted last. 


@ Classification 


Shift instruction, Instruction with delayed slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


LSB 


1 0 1 1 1 0 0 1 u4 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.16 FR81 Family 


@ Execution Example 


ASR2_ #8, R3 ; Bit pattern of the instruction: 1011 1001 1000 0011 
R3 FOFF FFFF b> R3 FFFF FFFO 
NZVC NZVC 
CCR 0000 CCR 1001 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.47 


7.17 BANDH (And 4bit Immediate Data to Higher 4bit of Byte 
Data in Memory) 


Takes the logical AND of the 4-bit immediate data and the higher 4 bits of byte data at 
memory Ri, stores the results to the memory address corresponding to Ri. 


@ Assembler Format 


BANDH #u4,@Ri 


@ Operation 


(Ri) & {u4 << 4+0F y} — (Ri) [Operation uses higher 4 bits only] 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Bit operation instruction, Read/Modify/Write type instruction 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
MSB LSB 
1 0 0 0 0 0 0 1 u4 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.17 


FR81 Family 


@ Execution Example 


BANDH #0,@R3_; Bit pattern of the instruction: 1000 0001 0000 0011 


R3 1234 5678 R3 1234 5678 
Memory 2 Memory 
12345678 11 12345678 01 
12345679 12345679 
NZVC NZVC 
CCR 0000 CCR 0000 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.18 


7.18 BANDL (And 4bit Immediate Data to Lower 4bit of Byte 
Data in Memory) 


Takes the logical AND of the 4-bit immediate data and the lower 4 bits of byte data at 
memory Ri, stores the results to the memory address corresponding to Ri. 


@ Assembler Format 


BANDL #u4,@Ri 


@ Operation 


(Ri) & {FO + u4} — (Ri) [Operation uses lower 4 bits only] 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Bit operation instructions, Read/Modify/Write type instruction 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
MSB LSB 
1 0 0 0 0 0 0 0 u4 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.18 


@ Execution Example 


BANDL #0,@R3 


R3 1234 5678 


12345678 
12345679 


CCR 


Memory 


11 


NZVC 


0000 


Before execution 
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R3 


FR81 Family 


; Bit pattern of the instruction: 1000 0000 0000 0011 


1234 5678| 


Memory 


ee 


12345679 


CCR 


NZVC 


0000 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.19 
7.19 Bec (Branch relative if Condition satisfied) 


This is a branching instruction without a delay slot. If the conditions specified for each 
instruction are satisfied, branch to the address indicated by label9 relative to the value 
of the program counter (PC). When calculating the address, double the value of rel8 as 
a signed extension. If conditions are not satisfied, no branching occurs. 


@ Assembler Format 


BRA | label9 BV label9 
BNO | label9 BNV | label9 
BEQ | label9 BLT _ label9 
BNE | label9 BGE _label9 
BC label9 BLE _label9 
BNC | label9 BGT _label9 
BN label9 BLS label9 
BP label9 BHI label9 
@ Operation 


if (condition) then 


PC + 2 + exts(rel8 x 2) > PC 


Branching of each instruction is shown in Table 7.19-1. 


Table 7.19-1 Branching conditions 


Mnemonic cc Condition Mnemonic cc Condition 
BRA 0000 | Always satisfied BV 1000 | V== 

BNO 0001 | Always unsatisfied BNV 1001 |) V== 

BEQ 0010 | Z== BLT 1010 | (V4N) == 

BNE 0011 | Z==0 BGE 1011 | (V“N)==0 

BC 0100 | C== BLE 1100 | (V“N)|Z == 
BNC 0101 | C== BGT 1101 | (V4N)|Z == 

BN 0110 | N== BLS 1110 | (C|Z) == 

BP 0111 | N== BHI 1111 | (C|Z)== 

| : Logical add (or) * : Exclusive-OR (exor) ==: comparison operation (satisfied by congruence) 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.19 7 
FR81 Family 
@ Flag Change 
N|Z/V 
N, Z, V, C: Unchanged. 
@ Classification 
Non-delayed branching instruction 
@ Execution Cycles 
At time of branching: 2 cycles 
At the time of no branching: 1 cycle 
@ Instruction Format 
MSB LSB 
1 1 1 cc rel8 
| | | | | | 
@ Execution Example 
BHI label ; Bit pattern of the instruction: 1110 1111 0010 1000 
label: ; Address of BHI Instruction + 50H 
PC FF800000 PC FF800052 
NZVC NZVC 
CCR 1010 CCR 1010 
Z or C=0 (conditions satisfied) 
Before execution After execution 
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FR81 Family 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.20  Bec:D (Branch relative if Condition satisfied) 


7.20 


This is a branching instruction with a delay slot. If the conditions established for each 
particular instruction are satisfied, branch to the address indicated by label9 relative to 
the value of the program counter (PC). When calculating the address, double the value 


of rel8 as a signed extension. If conditions are not satisfied, no branching occurs. 


@ Assembler Format 


BRA:D 
BNO:D 
BEQ:D 
BNE:D 
BC:D 
BNC:D 
BN:D 
BP:D 


@ Operation 


if (condition) then 


label9 
label9 
label9 
label9 
label9 
label9 
label9 
label9 


BV:D 
BNV:D 
BLT:D 
BGE:D 
BLE:D 
BGT:D 
BLS:D 
BHI:D 


PC + 2 + exts(rel8 x 2) > PC 


label9 
label9 
label9 
label9 
label9 
label9 
label9 
label9 


Branching conditions of each instruction are shown in Table 7.20-1. 


Table 7.20-1 Branching conditions 


Mnemonic | cc Condition Mnemonic | cc Condition 
BRA:D 0000 | Always satisfied BV:D 1000 | V== 

BNO:D 0001 | Always unsatisfied BNV:D 1001 | V== 

BEQ:D 0010 | Z== BLT:D 1010 | (VAN) == 
BNE:D 0011 | Z==0 BGE:D 1011 | (V“N)==0 
BC:D 0100 | C== BLE:D 1100 | (V4N)|Z) == 
BNC:D 0101 | C== BGT:D 1101 | (V4N)|Z == 
BN:D 0110 | N== BLS:D 1110 | (C|Z)== 
BP:D Oll1 | N== BHI:D 1111 | (C|Z)== 


| : Logical add (or) * : Exclusive-OR (exor) 
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==: comparison operation (satisfied by congruence) 
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7.20 FR81 Family 
@ Flag Change 

NI Z/ViC 


N, Z, V, C: Unchanged. 


@ Classification 


Delayed branching instruction 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
1 1 1 1 cc rel8 


@ Execution Example 


BHI:D label ; Bit pattern of the instruction: 1111 1111 0010 1000 
LDI:8 #255,R1 _ ; Instruction placed in delay slot 


label: ; BHI:D instruction address + 50H 


R1 8947 97TAF R1 0000 OOFF 
PC FF800000 » PC FF800052 

NZVC NZVC 
CCR 1010 CCR 1010 


Zor C=0, conditions satisfied 


Before execution After execution 


The instruction placed in delay slot will be executed before the execution of the branch destination 
instruction. The value of R1 above will vary according to the specifications of the LDI:8 instruction placed 
in the delay slot. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.21 


7.21 BEORH (Eor 4bit Immediate Data to Higher 4bit of Byte 
Data in Memory) 


Takes the logical exclusive OR of the 4-bit immediate data and the higher 4 bits of byte 
data at memory address Ri, stores the results to the memory address corresponding to 
Ri. 


@ Assembler Format 


BEORH #u4,@Ri 


@ Operation 
(Ri) * {u4 << 4} > (Ri) [Operation uses higher 4 bits only] 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Bit Operation instruction, Read/Modify/Write type instruction 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
MSB LSB 
1 0 0 1 1 0 0 1 u4 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.21 


@ Execution Example 


FR81 Family 


BEORH #1,@R3 _ ; Bit pattern of the instruction: 1001 1001 0001 0011 


R3 1234 5678 
Memory 
12345678 00 
12345679 
NZVC 
CCR 0000 
Before execution 


R3 1234 5678 


Memory 
12345678 10 
12345679 

NZVC 


CCR 0000 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.22 


7.22 BEORL (Eor 4bit Immediate Data to Lower 4bit of Byte Data 
in Memory) 


Takes the logical exclusive OR of the 4-bit immediate data and the lower 4 bits of byte 
data at memory address Ri, stores the results to the memory address corresponding to 
Ri. 


@ Assembler Format 


BEORL #u4,@Ri 


@ Operation 


(Ri) “ u4 > (Ri) [Operation uses lower 4 bits only] 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Bit Operation instruction, Read/Modify/Write type instruction 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
MSB LSB 
1 0 0 1 1 0 0 0 u4 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.22 


FR81 Family 


@ Execution Example 


BEORL #1,@R3 _ ; Bit pattern of the instruction: 1001 1000 0001 0011 


R3 1234 5678 R3 1234 5678 
Memory : Memory 
12345678 00 12345678 01 
12345679 12345679 
NZVC NZVC 
CCR 0000 CCR 0000 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.23 


7.23 BORH (Or 4bit Immediate Data to Higher 4bit of Byte Data 
in Memory) 


Takes the logical OR of the 4-bit immediate data and the higher 4 bits of byte data at 
memory address Ri, stores the results to the memory address corresponding to Ri. 


@ Assembler Format 


BORH #u4,@Ri 


@ Operation 


(Ri) | {u4 << 4} > (Ri) [Operation uses higher 4 bits only] 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Bit Operation instruction, Read/Modify/Write type instruction 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
MSB LSB 
1 0 0 1 0 0 0 1 u4 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.23 FR81 Family 


@ Execution Example 


BORH #1,@R3 ; Bit pattern of the instruction: 1001 0001 0001 0011 


R3 1234 5678 R3 1234 5678 
Memory i Memory 
12345678 00 12345678 10 
12345679 12345679 
NZVC NZVC 
CCR 0000 CCR 0000 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.24 
7.24  BORL (Or 4bit Immediate Data to Lower 4bit of Byte Data in 
Memory) 


Takes the logical OR of the 4-bit immediate data and the lower 4 bits of byte data at 
memory address Ri, stores the results to the memory address corresponding to Ri. 


@ Assembler Format 


BORL #u4,@Ri 


@ Operation 


(Ri) | u4 > (Ri) [Operation uses lower 4 bits only] 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Bit Operation instruction, Read/Modify/Write type instruction 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
MSB LSB 
1 0 0 1 0 0 0 0 u4 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.24 


FR81 Family 


@ Execution Example 


BORL #1,@R3 ; Bit pattern of the instruction: 1001 0000 0001 0011 


R3 1234 5678 R3 1234 5678 
Memory Memory 
12345678 00 12345678 01 
12345679 12345679 
NZVC NZVC 
CCR 0000 CCR 0000 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.25 


FR81 Family 
7.25  BTSTH (Test Higher 4bit of Byte Data in Memory) 


Takes the logical AND of the 4-bit immediate data and the higher 4 bits of byte data at 
memory address Ri places the results in the condition code register (CCR). 


@ Assembler Format 


BTSTH #u4,@Ri 


@ Operation 
(Ri) & {u4 << 4} [Test uses higher 4 bits only] 


@ Flag Change 


N/|Z/|V jC 


C/C] - - 
N: Set when the MSB of the operation result is "1", cleared when the MSB(bit7) is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


@ Classification 


Bit Operation instruction 


@ Execution Cycles 


2+a cycles 


@ Instruction Format 
LSB 


MSB 
1 0 0 0 1 0 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.25 


@ Execution Example 


BTSTH #1,@R3 


R3 1234 5678 


12345678 
12345679 


CCR 


Memory 
01 


NZVC 


0000 


Before execution 


154 


FR81 Family 


; Bit pattern of the instruction: 1000 1001 0001 0011 


R3 1234 5678 


Memory 
12345678 0 1 
12345679 

NZVC 


CCR 0100 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.26 


FR81 Family 
7.26 BTSTL (Test Lower 4bit of Byte Data in Memory) 


Takes the logical AND of the 4-bit immediate data and the lower 4 bits of byte data at 
memory address Ri, places the results in the flag of the condition code register. 


@ Assembler Format 


BTSTL #u4,@Ri 


@ Operation 
(Ri) & u4 [Test uses lower 4 bits only] 


@ Flag Change 


N|Z/|ViiC 
0/Ci - - 
N: Cleared. 


Z: Set when the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


@ Classification 


Bit Operation instruction 


@ Execution Cycles 


2+a cycles 


@ Instruction Format 
LSB 


MSB 
1 0 0 0 1 0 0 0 u4 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.26 


FR81 Family 


@ Execution Example 


BTSTL #1,@R3 _ ; Bit pattern of the instruction: 1000 1000 0001 0011 


R3 1234 5678 R3 1234 5678 
Memory —»> Memory 
12345678 10 12345678 10 
12345679 12345679 
NZVC NZVC 
CCR 0000 CCR 0100 
Before execution 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.27 
7.27 CALL (Call Subroutine) 


This is a branching instruction without a delay slot. After storing the address of the next 
instruction in the return pointer (RP), branch to the address indicated by label12 relative 
to the value of the program counter (PC). When calculating the address, double the 
value of rel11 as a signed extension. 


@ Assembler Format 


CALL labell2 


@ Operation 


PC + 2 + RP 
PC + 2 + exts(rell 1 x 2) — PC 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Non-delayed branching instruction 


@ Execution Cycles 


2 cycles 


@ Instruction Format 
MSB LSB 
1 1 0 1 0 relll 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.27 


@ Execution Example 


CALL label 


label: 


PC 


RP 


158 


; CALL instruction address + 122H 


FF800000 


X XXX XX XX 


Before execution 


—> 


FR81 Family 


; Bit pattern of the instruction: 1101 0000 1001 0000 


PC | FF80 0122 


RP | FF80 0004 


After execution 


FUJITSU MICROELECTRONICS LIMITED 


CM71-00105-1E 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.28 
7.28 CALL (Call Subroutine) 


This is a branching instruction without a delay slot. After saving the address of the next 
instruction in the return pointer (RP), a branch to the address indicated by Ri occurs. 


@ Assembler Format 


CALL @Ri 


@ Operation 


PC +2 —>RP 
Ri > PC 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Non-delayed branching instruction 


@ Execution Cycles 


2 cycles 


@ Instruction Format 


MSB 
1 0 0 1 0 1 1 1 0 0 0 1 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.28 FR81 Family 
@ Execution Example 
CALL @RI1 ; Bit pattern of the instruction: 1001 0111 0001 0001 
R1 FFFF F800 R1 FFFF F800 
PC 8000 FFFE —_> PC FFFF F800 
RP x XXX XX XX RP 8001 0000 


Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.29 
7.29  CALL:D (Call Subroutine) 


This is a branching instruction with a delay slot. After saving the address of the next 
instruction after the delay slot to the return pointer (RP), branch to the address 
indicated by label12 relative to the value of the program counter (PC). When calculating 
the address, double the value of rel11 as a signed extension. 


@ Assembler Format 


CALL:D labell2 


@ Operation 


PC +4 — RP 
PC + 2 + exts(rell 1 x 2) — PC 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Delayed branching instruction 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
1 1 0 1 1 relll 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.29 FR81 Family 


@ Execution Example 


CALL:D label ; Bit pattern of the instruction: 1101 1000 1001 0000 
LDI:8 #0, R2 ; Instruction placed in delay slot 
label: ; CALL instruction address + 122H 
R2 XX XX XXXX R2 0000 0000 
PC FF800000 —_> PC FF800122 
RP Xx XXX XX XX RP FF80 0004 
Before execution of CALL instruction After branching 


The instruction placed in delay slot is executed before execution of the branch destination instruction. The 
value R2 above will vary according to the specifications of the LDI:8 instruction placed in the delay slot. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.30 
7.30 CALL:D (Call Subroutine) 


This is a branching instruction with a delay slot. After saving the address of the next 
instruction after the delay slot to the return pointer (RP), it branches to the address 
indicated by Ri. 


@ Assembler Format 


CALL:D @Ri 


@ Operation 


PC +4-—RP 
Ri > PC 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Delayed branching instruction 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB LSB 
1 0 0 1 1 1 1 1 0 0 0 1 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.30 


@ Execution Example 


CALL:D @RI 


LDI:8 #1, R1 


R1 


FFFF F800 


; Bit pattern of the instruction: 1001 1111 0001 0001 


; Instruction placed in delay slot 


PC 


8000 FFFE —_> 


RP 


X XXX XX XX 


Before execution of CALL instruction 


R1 


RP 


0000 0001 


FR81 Family 


FFFF F800 


80010002 


After branching 


The instruction placed in delay slot is executed before execution of the branch destination instruction. The 


value R2 above will vary according to the specifications of the LDI:8 instruction placed in the delay slot. 
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CM71-00105-1E 


FR81 Family 
7.31 CMP (Compare Immediate Data and Destination Register) 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.31 


Subtracts the result of the higher 28 bits of 4-bit immediate data with zero extension 
from the word data in Ri, sets results in the flag of condition code register (CCR). 


@ Assembler Format 


CMP #14, Ri 


@ Operation 


Ri - extu(i4) 


@ Flag Change 


N 


Z|V 


C 


C 


CiC 


C 


N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 


C: Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Classification 


@ Execution Cycles 


@ Instruction Format 


Compare instruction, Instruction with delay slot 


1 cycle 


MSB 


1 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.31 


@ Execution Example 


CMP #3, R3 


R3 


CCR 


166 


0000 0003 


NZVC 


0000 


Before execution 


FUJITSU MICROELECTRONICS LIMITED 


—» 


R3 0000 0003 


NZVC 


CCR 


FR81 Family 


; Bit pattern of the instruction: 1010 1000 0011 0011 


0100 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
FR81 Family 7.32 
7.32 CMP (Compare Word Data in Source Register and 


Destination Register) 


Subtracts the word data in Rj from the word data in Ri, sets results in the flag of 
condition code register (CCR). 


@ Assembler Format 


CMP kj, Ri 


@ Operation 
Ri- Rj 


@ Flag Change 


N/|Z/V/C 
C})/C}CI]C 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 


C: Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Classification 


Compare instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 
1 0 1 0 1 0 1 0 Rj Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.32 


@ Execution Example 


CMP R2, R3 


R2 
R3 


CCR 


168 


1234 5678 
1234 5678 


NZVC 


0000 


Before execution 
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R2 
R3 


CCR 


FR81 Family 


; Bit pattern of the instruction: 1010 1010 0010 0011 


1234 5678 


1234 5678 


NZVC 


0100 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.33 


FR81 Family 
7.33. CMP2 (Compare Immediate Data and Destination Register) 


Subtracts the result of the higher 28 bits of 4-bit immediate (from -16 to -1) data with 
minus extension from the word data in Ri, sets results in the flag of condition code 


register (CCR). 


@ Assembler Format 


CMP2 #4, Ri 


@ Operation 
Ri - extn(i4) 


@ Flag Change 


N/|Z/V/C 
C}/C}CI]C 


N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 
V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 


C: Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Classification 


Compare instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 
1 0 1 0 1 0 0 1 i4 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.33 


@ Execution Example 


CMP2 #-3, R3 


R3 


CCR 


170 


FFFFFFFD 


NZVC 


0000 


Before execution 
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R3 


CCR 


FR81 Family 


; Bit pattern of the instruction: 1010 1001 1101 0011 


FFFFFFFD 


NZVC 


0100 


After execution 


CM71-00105-1E 


FR81 Family 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.34 


7.34 DIVOS (Initial Setting Up for Signed Division) 


This is a step division instruction. This command issued for signed division in which 
multiplication division register (MDL) contains the dividend and the Ri the divisor, with 
the quotient stored in the MDL and the remainder in multiplication division register 


(MDH). 


@ Assembler Format 


@ Operation 


@ Flag Change 


DIVOS Ri 


MDL[31] — DO 


MDL{31] * Ri[31] > D1 
exts(MDL) > MDH, MDL 


The word data in MDL is extended to 64 bits, with the higher word in the MDH and the lower word in the 
MDL. The value of the sign bit in the MDL and Ri is used to set the DO and D1 flag bits in the system 
condition code register (SCR). 


N 


Z 


Vv 


C 


D1 | DO 


Cc} C 


@ Classification 


N, Z, V, C: Flags unchanged. 


D1: Set when the divisor and dividend signs are different, cleared when equal. 


DO: Set when the dividend is negative, cleared when positive. 


Multiply/Divide Instruction 


@ Execution Cycles 


1 cycle 


CM71-00105-1E 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.34 


FR81 Family 
@ Instruction Format 

MSB LSB 
1 0 0 1 0 1 1 1 0 1 0 0 Ri 


@ Execution Example 


DIVOS R2 ; Bit pattern of the instruction: 1001 0111 0100 0010 
R2 OFFF FFFF __» R2 OFFF FFFF 
MDH | 0000 0000 MDH | FF FF FFFF 
MDL |) FFFFFFFO MDL | FFFFFFEQO 
D1 DOT D1 DOT 
SCR x x0 SCR 110 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.35 
7.35 DIVOU (Initial Setting Up for Unsigned Division) 


This is a step division command. This command issued for unsigned division in which 
multiplication division register (MDL) contains the dividend and the Ri the divisor, with 
the quotient stored in the MDL and the remainder in multiplication division register 
(MDh). 


@ Assembler Format 


DIVOU Ri 


@ Operation 
0 — DO 
0—DI1 
0 — MDH 
The MDH and bits DO and D1 from system condition code register (SCR) are cleared to "0". 


@ Flag Change 


Wize ine DI | DO 
et (ea ee || 


N, Z, V, C: Flags unchanged. 
D1,D0: Cleared. 


@ Classification 


Multiply/Divide Instruction 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
1 0 0 1 0 1 1 1 0 1 0 1 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.35 


FR81 Family 


@ Execution Example 


DIVOU R2 ; Bit pattern of the instruction: 1001 0111 0101 0010 
R2 OOFF FFFF R2 OOFF FFFF 
—> 

MDH | 0000 0000 MDH | 0000 0000 
MDL OFFF FFFO MDL OFFF FFFO 

D1 DOT D1 DOT 
SCR x x0 SCR 000 

Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.36 
7.36 DIV1 (Main Process of Division) 


This is a step division instruction used for unsigned division. 


@ Assembler Format 


DIV1 Ri 


@ Operation 


{MDH, MDL} <<=1  /* 1 bit left shift */ 
if (D1==1) { 
MDH + Ri > temp 
} 
else { 
MDH - Ri > temp 
} 
if ({DO* D1 * C} ==0) { 
temp -— MDH 
1 — MDL[0] 


@ Flag Change 


N/|Z]|V {IC 
- |C}-4]C 


N, V: Unchanged. 
Z: Set when the result of step division is zero, cleared otherwise. Set according to remainder of division 


results, not according to quotient. 


C: Set when the operation result of step division involves a carry operation, cleared otherwise. 


@ Classification 


Multiply/Divide Instruction 


@ Execution Cycles 


1 cycle 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.36 


176 


@ Instruction Format 


MSB 


FR81 Family 


LSB 


1 


@ Execution Example 


DIV1 R2 


; Bit pattern of the instruction: 1001 0111 0110 0010 


R2 


OOFF FFFF 


MDH 


OOFF FFFF 


MDL 


0000 0000 


SCR 


CCR 


D1 DOT 


000 


NZVC 


0000 


Before execution 


R2 


MDH 
MDL 


SCR 


OOFFFFFF 


0100 0000 


0000 0001 


D1 DOT 


000 


NZVC 


0000 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.37 
7.37 DIV2 (Correction When Remain is zero) 


This is a step division instruction used for signed division. 


@ Assembler Format 


DIV2 Ri 


@ Operation 
if (D1==1) { 
MDH + Ri > temp 
} 
else { 
MDH - Ri > temp 
} 
if (Z==1) { 
0 — MDH 


@ Flag Change 


N/|Z}]|V {IC 
- |C}-]C 


N, V: Unchanged. 
Z: Set when the result of step division is zero, cleared otherwise. Set according to remainder of division 
results, not according to quotient. 


C: Set when the operation result of step division involves a carry or borrow operation, cleared otherwise. 


@ Classification 


Multiply/Divide Instruction 


@ Execution Cycles 


c cycle 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.37 


FR81 Family 


@ Instruction Format 
MSB LSB 
1 0 0 1 0 1 1 1 0 1 1 1 Ri 


@ Execution Example 


DIV2 R2 ; Bit pattern of the instruction: 1001 0111 0111 0010 
R2 OOFF FFFF R2 OOFF FFFF 
—> 

MDH |O0O0OFF FFFF MDH | 0000 0000 
MDL 0000 OOOF MDL 0000 OOOF 
D1 DOT D1 DOT 

SCR 000 SCR 000 
NZVC NZVC 

CCR 0000 OCR 0100 
Before execution After execution 
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FR81 Family 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.38 | DIV3 (Correction When Remain is zero) 


7.38 


This is a step division instruction used for signed division. 


@ Assembler Format 


DIV3 


@ Operation 


if (Z==1) { 
MDL + 1 — MDL 


@ Flag Change 


N 


Z 


Vv 


N, Z, V, C: Unchanged. 


@ Classification 


Multiply/Divide Instruction 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


LSB 


1 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.38 


180 


@ Execution Example 


DIV3 


R2 


MDH 
MDL 


SCR 


FR81 Family 


; Bit pattern of the instruction: 1001 1111 0110 0000 


OOFF FFFF 


0000 0000 


0000 0O00F 


D1 DOT 


000 


NZVC 


0100 


Before execution 
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R2 


MDH 
MDL 


SCR 


OOFFFFFF 


0000 0000 


0000 0010 


D1 DOT 


000 


NZVC 


0100 


After execution 


CM71-00105-1E 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.39 
7.39 DIV4S (Correction Answer for Signed Division) 


This is a step division instruction used for signed division. 


@ Assembler Format 


DIV4S 


@ Operation 


if (D1==1) { 
0 - MDL > MDL 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Multiply/Divide Instruction 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
1 0 0 1 1 1 1 1 0 1 1 1 0 0 0 0 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


a FR81 Family 


@ Execution Example 


DIV4S ; Bit pattern of the instruction: 1001 1111 0111 0000 

R2 OOFF FFFF R2 OOFF FFFF 
—> 

MDH 0000 0000 MDH |} 0000 0000 
MDL 0000 OOOF MDL FFFFFFF{1 
D1 DOT D1 DOT 
SCR 110 SCR 110 
NZVC NZVC 
CCR 0000 CCR 0000 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.40 
7.40 DMOV (Move Word Data from Direct Address to Register) 


Transfers, to R13 the word data at the direct address corresponding to 4 times the value 
of dir8. The value of dir8 x 4 is specified as dir10. 


@ Assembler Format 


DMOV_  @dirl0, R13 


@ Operation 
(dir8 x 4) > R13 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Direct Addressing Instructions, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 
MSB LSB 
0 0 0 0 1 0 0 0 dir8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.40 


184 


@ Execution Example 


DMOV @88H, R13 


R13 


X XXX XX XX 


Memory 


X XXX XX X X 


0123 4567 


X XXX XX X X 


Before execution 


FUJITSU MICROELECTRONICS LIMITED 


R13 


0123 4567 


FR81 Family 


; Bit pattern of the instruction: 0000 1000 0010 0010 


Memory 


X XXX XX X X 


0123 4567 


X XXX XX XX 


After execution 


CM71-00105-1E 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.41 
7.41. DMOV (Move Word Data from Register to Direct Address) 


Transfers word data in R13 to the direct address corresponding to 4 times the value of 
dir8. The value of dir8 x 4 is specified as dir10. 


@ Assembler Format 


DMOV_ R13,@dir10 


@ Operation 


R13 — (dir8 x 4) 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Direct Addressing Instructions, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
0 0 0 1 1 0 0 0 dir8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.44 


@ Execution Example 


DMOV R13,@54H 


R13 


186 


89AB CDEF 


Memory 


X XXX XX XX 


X XXX XX XX 


X XXX XX X X 


Before execution 


FUJITSU MICROELECTRONICS LIMITED 


R13 


FR81 Family 


; Bit pattern of the instruction: 0001 1000 0001 0101 


89AB CDEF 


Memory 


89AB CDEF 


X XXX XX XX 


X XXX XX XX 


After execution 


CM71-00105-1E 


FR81 Family 


7.42 DMOV (Move Word Data from Direct Address to Post 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


Increment Register Indirect Address) 


7.42 


Transfers the word data at the direct address corresponding to 4 times the value of dir8 
to the address indicated in R13. After the data transfer, it increments the value of R13 
by 4. The value of dir8 x 4 is specified as dir10. 


@ Assembler Format 


DMOV_ @dirl0,@R13+ 


@ Operation 


(dir8 x 4) > (R13) 
R13+4 R13 


@ Flag Change 


N{}|Z|Vq{C 


N, Z, V, C: Unchanged. 


@ Classification 


Direct Addressing Instructions 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 


MSB 


LSB 


0 0 0 0 


1 0 0 dir8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.42 


FR81 Family 


@ Execution Example 


DMOV @88H,@R13+ _ ; Bit pattern of the instruction: 0000 1100 0010 0010 


R13 FFFF1248 R13 FFFF124C 
—> 
Memory Memory 
00000088 14142135 00000088 14142135 
FFFF1248 XXXX XXXX FFFF1248 14142135 
FFFF124C XxXXX XXXX FFFF124C XXxXX XXXX 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.43 


7.43. DMOV (Move Word Data from Post Increment Register 
Indirect Address to Direct Address) 


Transfers the word data at the address indicated in R13 to the direct address 
corresponding to 4 times the value dir8. After the data transfer, it increments the value 
of R13 by 4. The value of dir8 x 4 is specified as dir10. 


@ Assembler Format 


DMOV @R13+,@dirl0 


@ Operation 


(R13) > (dir8 x 4) 
R13+4 R13 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Direct Addressing Instructions 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
MSB LSB 
0 0 0 1 1 1 0 0 dir8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.43 FR81 Family 


@ Execution Example 


DMOV @R13+,@54H __ ; Bit pattern of the instruction: 0001 1100 0001 0101 


R13 FFFF1248 R13 FFFF124C 
— 
Memory Memory 
00000054 Xx XXX XXXX 00000054 8947 91AF 
FFFF1248 8947 91AF FFFF1248 8947 91AF 
FFFF124C |x xxx XXXxX FFFF124C xX XX X X X X X 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.44 


7.44 DMOV (Move Word Data from Direct Address to Pre 
Decrement Register Indirect Address) 


Decrements the value of R15 by 4, then transfers the word data at the direct address 
corresponding to 4 times the value of dir8 to the address indicated in R15. The value of 
dir8 x 4 is specified as dir10. 


@ Assembler Format 


DMOV_ @dirl0,@-R15 


@ Operation 


R15-4RI5 
(dir8 x 4) > (R15) 


@ Flag Change 
N;}| Z| Vii Cc 


N, Z, V, C: Unchanged. 


@ Classification 


Direct Addressing Instructions 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
MSB LSB 
0 0 0 0 1 0 1 1 dir8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
one FR81 Family 
@ Execution Example 


DMOV @2CH,@-RI5 ; Bit pattern of the instruction: 0000 1011 0000 1011 


R15 7FFFFF88 R15 7FFF FF84 
Memory Memory 
0000002 |82A2 82A9 0000002C 82A282A9 
7FFFFF84 X XXX XXXX 7FFFFF84 82A282A9 
7FFFFF88 Xx XXX XXXX 7FFFFF88 X XXX XX X X 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.45 


7.45 DMOV (Move Word Data from Post Increment Register 
Indirect Address to Direct Address) 


Transfers the word data at the address indicated in R15 to the direct address 
corresponding to 4 times the value dir8. After the data transfer, it increments the value 
of R15 by 4. The value of dir8 x 4 is specified as dir10. 


@ Assembler Format 


DMOV @R15+,@dirl0 


@ Operation 


(R15) > (dir8 x 4) 
R15+45RI5 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Direct Addressing Instructions 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
MSB LSB 
0 0 0 1 1 0 1 1 dir8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.45 


@ Execution Example 


DMOV @R15+,@38H 


R15 


7FFEEE80O 


Memory 


00000038 


X XXX XX XX 


7FFEEE80 


8343 834A 


7FFEEE84 


194 


xX XXX XX X X 


Before execution 


R15 


00000038 


7FFEEE80 


7FFEEE84 


FUJITSU MICROELECTRONICS LIMITED 


FR81 Family 


; Bit pattern of the instruction: 0001 1011 0000 1110 


7FFEEE84 


Memory 


8343 834A 


8343 834A 


xX XX X XX X X 


After execution 
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FR81 Family 7.46 
7.46 DMOVB (Move Byte Data from Direct Address to Register) 


Transfers the byte data at the address indicated by the value dir8 to R13. Uses zeros to 
extend the higher 24 bits of data. 


@ Assembler Format 


DMOVB § @dir8, R13 


@ Operation 
(dir8) > R13 


@ Flag Change 
N;}| Z| Vii Cc 


N, Z, V, C: Unchanged. 


@ Classification 


Direct Addressing Instructions, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 
MSB LSB 
0 0 0 0 1 0 1 0 dir8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.46 


@ Execution Example 


DMOVB @91H, R13 


FR81 Family 


; Bit pattern of the instruction: 0000 1010 1001 0001 


R13 XXXX XXXX 


90 
91 


92 


R13 0000 0032 
—> 
Memory Memory 
xX X 90 X X 
32 91 32 
X X g2 X X 


Before execution 
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After execution 
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FR81 Family 


7.47 


7.47 DMOVB (Move Byte Data from Register to Direct Address) 


Transfers the byte data from R13 to the direct address indicated by the value dir8. 


@ Assembler Format 


DMOVB R13,@dir8 


@ Operation 
R13 > (dir) 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Direct Addressing Instructions, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB 


LSB 


0 0 0 1 1 0 1 0 dir8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.47 


@ Execution Example 


DMOVB  R13,@53H 


FR81 Family 


; Bit pattern of the instruction: 0001 1010 0101 0011 


R13 FFFFFFFE R13 FFFFFFFE 
Memory Memory 
52 X X 52 X X 
93 ma 53 FE 
54 X X 54 X X 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.48 


7.48 DMOVB (Move Byte Data from Direct Address to Post 
Increment Register Indirect Address) 


Moves the byte data at the direct address indicated by the value dir8 to the address 
indicated by R13. After the data transfer, it increments the value of R13 by 1. 


@ Assembler Format 


DMOVB @dir8,@R13+ 


@ Operation 


(dir8) — (R13) 
R13+1—>R13 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Direct Addressing Instructions 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
MSB LSB 
0 0 0 0 1 1 1 0 dir8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.48 


FR81 Family 


@ Execution Example 


DMOVB @71H,@R13+_ ; Bit pattern of the instruction: 0000 1110 0111 0001 


R13 8800 1234 R13 8800 1235 
—> 
Memory Memory 
00000071 99 00000071 99 
88001234 X X 88001234 99 
88001235 X X 88001235 X X 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.49 


7.49 DMOVB (Move Byte Data from Post Increment Register 
Indirect Address to Direct Address) 


Transfers the byte data at the address indicated by R13 to the direct address indicated 
by the value dir8. After the data transfer, it increments the value of R13 by 1. 


@ Assembler Format 


DMOVB @R13+,@dir8 


@ Operation 


(R13) > (dir8) 
R13+1—3R13 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Direct Addressing Instructions 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
MSB LSB 
0 0 0 1 1 1 1 0 dir8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.49 


@ Execution Example 


DMOVB @R13+,@57H_ ; Bit pattern of the instruction: 0001 11100101 0111 


R13 FF801220 


00000057 


FF801220 


FF801221 


Before execution 


202 


Memory 


55 


R13 


FR81 Family 


FF801221 
Memory 
00000057 5 5 
FF801220 55 
FF801221 X X 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.50 
7.50 DMOVH (Move Halfword Data from Direct Address to 
Register) 


Transfers the half-word data at the direct address corresponding to 2 times the value 
dir8 to R13. Uses zeros to extend the higher 16 bits of data. The value of dir8 x 2 is 
specified as dir9. 


@ Assembler Format 


DMOVH  @dir9, R13 


@ Operation 
(dir8 x 2) > R13 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Direct Addressing Instructions, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 
MSB LSB 
0 0 0 0 1 0 0 1 dir8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.50 


@ Execution Example 


DMOVH @88H, R13 


R13 X XXX XX X X 


86 
88 


8A 


Memory 
XX XX 


B2B6 


XXX X 


Before execution 
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R13 


; Bit pattern of the instruction: 0000 1001 0100 0100 


FR81 Family 


0000 B2B6 

Memory 
86 X X X X 
88 B2B6 
8A X X X X 


After execution 
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FR81 Family 7.51 
7.51 DMOVH (Move Halfword Data from Register to Direct 
Address) 


Transfers the half-word data from R13 to the direct address corresponding to 2 times 
the value dir8. The value of dir8 x 2 is specified as dir9. 


@ Assembler Format 


DMOVH R13,@dir9 


@ Operation 
R13 > (dir8 x 2) 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Direct Addressing Instructions, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
0 0 0 1 1 0 0 1 dir8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.51 


@ Execution Example 


DMOVH_ R13,@52H 


R13 


206 


FFFF AE86 


Memory 
50 XXX X 
52 x xX XX 
54 Xx X XX 
Before execution 
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R13 


; Bit pattern of the instruction: 0001 1001 0010 1001 


FR81 Family 


FFFF AE86 


50 
52 


54 


Memory 


XX X X 


AE86 


X X X X 


After execution 
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FR81 Family 7.52 


7.52 DMOVH (Move Halfword Data from Direct Address to Post 
Increment Register Indirect Address) 


Transfers the half-word data at the direct address corresponding to 2 times the value 
dir8 to the address indicated by R13. After the data transfer, it increments the value of 
R13 by 2. The value of dir8 x 2 is specified as dir9. 


@ Assembler Format 


DMOVH  @dir9,@R13+ 


@ Operation 


(dir8 x 2) > (R13) 
R13+2—> R13 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Direct Addressing Instructions 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
MSB LSB 
0 0 0 0 1 1 0 1 dir8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.52 


@ Execution Example 


DMOVH @88H,@R13+_; Bit pattern of the instruction: 0000 1101 0100 0100 


R13 FFO00 0052 


00000088 


FF000052 


FF000054 


Memory 


1374 


Before execution 
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R13 


FR81 Family 


FFO00 0054 


00000088 


FF000052 


FF000054 


After execution 
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Memory 


1374 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.53 


7.53 DMOVH (Move Halfword Data from Post Increment 
Register Indirect Address to Direct Address) 


Transfers the half-word data at the address indicated by R13 to the direct address 
corresponding to 2 times the value dir8. After the data transfer, it increments the value 
of R13 by 2. The value of dir8 x 2 is specified as dir9. 


@ Assembler Format 


DMOVH @R13+,@dir9 


@ Operation 


(R13) > (dir8 x 2) 
R13+2— R13 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Direct Addressing Instructions 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
MSB LSB 
0 0 0 1 1 1 0 1 dir8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


i FR81 Family 


@ Execution Example 


DMOVH @R13+,@52H_; Bit pattern of the instruction: 0001 1101 0010 1001 


FF801222 


R13 FF801220 R13 


Memory 
00000052 8933 


Memory 
00000052 X X X X 


8933 FF801220 8933 
FF801222 X X X X 


FF801220 
FF801222 X X X X 


Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.54 
7.54 ENTER (Enter Function) 


This instruction is used for stack frame generation processing for high level 
languages.The value u8 is calculated as an unsigned value. The value of u8 x 4 is 
specified as u10. 


@ Assembler Format 


ENTER #ul0 


@ Operation 


R14 (R15-4) 
RI5-4—>R14 
R15 - extu(u8 x 4) — RI5 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Other instructions 


@ Execution Cycles 


1+a cycles 


@ Instruction Format 
MSB LSB 
0 0 0 0 1 1 1 1 u8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.54 


212 


@ Execution Example 


ENTER #0CH 


; Bit pattern of the instruction: 0000 1111 0000 0011 


R14 


8000 0000 


R15 


7FFFFFF8 


Memory 


7FFFFFEG 


XX XX X X X X 


7FFFFFFO 


X XXX XX XX 


7FFFFFF4 


X XXX XX X X 


7FFFFFF8 


X XXX X X X X 


7FFFFFFC 


X XXX X X X X 


80000000 


X XXX X X X X 


Before execution 


R14 
R15 


——p 7FFFFFEC 
7FFFFFFO 


7FFFFFF4 
7FFFFFF8 
7FFFFFFC 
80000000 


FUJITSU MICROELECTRONICS LIMITED 


FR81 Family 


7FFFFFF4 


7FFFFFEC 


Memory 


X XXX X X X X 


XX XX X X X X 


8000 0000 


X XXX X X X X 


X XXX XX X X 


X XXX XX X X 


After execution 
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7.55 


FR81 Family 
7.55 EOR (Exclusive Or Word Data of Source Register to Data in 


Memory) 


Takes the logical exclusive OR of the word data at memory address Ri and the word 
data in Rj, stores the results to the memory address corresponding to Ri. 


@ Assembler Format 


EOR Rj,@Ri 


@ Operation 
(Ri) * Rj > (Ri) 


@ Flag Change 


N/|Z/|V jC 
C|C} - - 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


@ Classification 
Logical Calculation instruction, Read/Modify/Write type instruction 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 


MSB 
1 0 0 1 1 1 0 0 Rj 


LSB 


Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.55 


@ Execution Example 


EOR R2,@R3 


R2 
R3 


12345678 
1234567C 


CCR 


214 


; Bit pattern of the instruction: 1001 1100 0010 0011 


1111 0000 R2 
1234 5678 R3 
Memory —» 
1010 1010 12345678 
1234567C 
NZVC 


0000 CCR 


Before execution 
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1111 0000 


FR81 Family 


1234 5678 


01011010 


Memory 


NZVC 


0000 


After execution 
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FR81 Family 


7.56 |EOR (Exclusive Or Word Data of Source Register to 


Destination Register) 


7.56 


Takes the logical exclusive OR of the word data in Ri and the word data in Rj, stores the 


results to Ri. 


@ Assembler Format 


EOR Rj, Ri 


@ Operation 
Ri4 Rj > Ri 


@ Flag Change 


N/|Z/|V jC 
C|C}] - | - 


Z: Set when the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


@ Classification 


Logical Calculation instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


LSB 


1 0 0 1 1 0 1 0 Rj Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


a FR81 Family 


@ Execution Example 


EOR R2, R3 ; Bit pattern of the instruction: 1001 1010 0010 0011 
R2 | 1111 0000 Ae | eT BOO) 
R3 10101010 R3 0101 1010 
NZVC —- NZVC 
CCR 0000 OCR 0000 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.57 


FR81 Family 
7.57 EORB (Exclusive Or Byte Data of Source Register to Data 


in Memory) 


Takes the logical exclusive OR of the byte data at memory address Ri and the byte 
datain Rj, stores the results to the memory address corresponding to Ri. 


@ Assembler Format 


EORB_ Rj,@Ri 


@ Operation 
(Ri) * Rj > (Ri) 


@ Flag Change 


N/|Z/|V jC 
C|C} - - 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


@ Classification 
Logical Calculation instruction, Read/Modify/Write type instruction 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
LSB 


MSB 
1 0 0 1 1 1 1 0 Rj 


Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.57 F 
FR81 Family 
@ Execution Example 
EORB R2,@R3 ; Bit pattern of the instruction: 1001 1110 0010 0011 
R2 0000 0011 R2 0000 0011 
R3 1234 5678 R3 1234 5678 
Memor Memor 
y > y 
12345678 10 12345678 01 
12345679 12345679 
NZVC NZVC 
CCR 0000 CCR 0000 
Before execution After execution 
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FR81 Family 
7.58 |EORH (Exclusive Or Halfword Data of Source Register to 


Data in Memory) 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.58 


Takes the logical exclusive OR of the half-word data at memory address Ri and the half- 
word data in Rj, stores the results to the memory address corresponding to Ri. 


@ Assembler Format 


EORH Rj,@Ri 


@ Operation 


@ Flag Change 


(Ri) * Rj > (Ri) 


N 


Z| V 


C 


C 


C 


@ Classification 


Logical Calculation instruction, Read/Modify/Write type instruction 


@ Execution Cycles 


@ Instruction Format 


Z: Set when the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


1+2a cycles 


MSB 


N: Set when the MSB(bit15) of the operation result is "1", cleared when the MSB is "0". 


LSB 


1 0 


Ri 


CM71-00105-1E 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
ae FR81 Family 


@ Execution Example 


EORH R2,@R3 ; Bit pattern of the instruction: 1001 1101 0010 0011 


R2 0000 1100 R2 0000 1100 

R3 1234 5678 R3 1234 5678 

Memory —__» Memory 

12345678 1010 12345678 0110 
1234567A 1234567A 

NZVC NZVC 

CCR 0000 CCR 0000 

Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.59 
7.59 EXTSB (Sign Extend from Byte Data to Word Data) 


Extends the byte data indicated by Ri to word data as signed binary value. 


@ Assembler Format 


EXTSB Ri 


@ Operation 


exts(Ri[7:0]) > Ri [byte > word] 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Other instructions, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
1 0 0 1 0 1 1 1 1 0 0 0 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


ie FR81 Family 


@ Execution Example 


EXTSB RI ; Bit pattern of the instruction: 1001 0111 1000 0001 
R1 0000 0O0AB —_»> R1 FFFF FFAB 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 


7.60 EXTSH (Sign Extend from Byte Data to Word Data) 


7.60 


Extends the half-word data indicated by Ri to word data as a signed binary value. 


@ Assembler Format 


EXTSH Ri 


@ Operation 


exts(Ri[15:0]) > Ri [half-word > word] 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Other instructions, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


1 0 0 1 0 1 1 1 1 0 1 0 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


ue? FR81 Family 


@ Execution Example 


EXTSH RI ; Bit pattern of the instruction: 1001 0111 1010 0001 
R1 0000 ABCD ——_»> R1 FFFFABCD 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 


7.61 EXTUB (Unsign Extend from Byte Data to Word Data) 


7.61 


Extends the byte data indicated by Ri to word data as an unsigned binary value. 


@ Assembler Format 


EXTUB Ri 


@ Operation 


extu(Ri[7:0]) — Ri [byte > word] 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Other instructions, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


1 0 0 1 0 1 1 1 1 0 0 1 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


a FR81 Family 


@ Execution Example 


EXTUB RI ; Bit pattern of the instruction: 1001 0111 1001 0001 
R1 FFFF FFFF ——_> R1 0000 OOFF 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 


7.62 EXTUH (Unsign Extend from Byte Data to Word Data) 


7.62 


Extends the half-word data indicated by Ri to word data as an unsigned binary value. 


@ Assembler Format 


EXTUH Ri 


@ Operation 


extu(Ri[15:0]) — Ri  [half-word > word] 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Other instructions, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


1 0 0 1 0 1 1 1 1 0 1 1 


CM71-00105-1E FUJITSU MICROELECTRONICS LIMITED 


227 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.62 


@ Execution Example 


EXTUH RI 


FR81 Family 


; Bit pattern of the instruction: 1001 0111 1011 0001 


R1 


FFFFFFFF 


228 


Before execution 
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—> 


R1 


0000 FFFF 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.63 
7.63 | FABSs (Single Precision Floating Point Absolute Value) 


Loads the absolute value FRj to FRi. 


@ Assembler Format 


FABSs_FRj, FRi 


@ Operation 


| FRj | > FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB LSB 
(n+0) | O 0 0 0 0 1 1 1 1 0 1 0 1 1 0 0 


(n+2) : : FRj : 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error), an interrupt is detected. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


as FR81 Family 
7.64 FADDs (Single Precision Floating Point Add) 


FRk is added to FRj, and its result is stored in FRi. 


@ Assembler Format 


FADDs_ FRk, FRj, FRi 


@ Operation 


FRk + FRj > FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB LSB 
(n+0) | O 0 0 0 0 1 1 1 1 0 1 0 0 0 0 0 


(n+2) : FRk FRj FRi 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error), an FPU exception, or an interrupt is detected. 


230 FUJITSU MICROELECTRONICS LIMITED CM71-00105-1E 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.64 


@ Calculation result and exception flag 


+0/(-) +Norm/(X)| -Norm/(X) | +INF/(-) | -INF/(-) |QNaN/(-) 


+Norm/(X) 


-Norm/(X) 


QNaN/V 


-INF/(-) QNaN/V | -INF/(-) 


*1: +INF/0,X or -INF/P.X or + Norm/(X) 
*2: + O/(-) or £0/U or + Norm/(X) 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


Tae FR81 Family 
7.65 FBcc (Floating Point Conditional Branch) 


This is a branching instruction without a delay slot. If conditions specified for each 
instruction are satisfied, control branches to the address indicated by label17 relative to 
the program counter (PC). The rel16 value is doubled and its sign is extended. If 
conditions are not satisfied, no branching occurs. 


@ Assembler Format 


FBN FBL label17 
FBA _ labell7 FBUGE | labell7 
FBNE _ labell7 FBUG _labell7 
FBE _ labell7 FBLE label17 
FBLG labell7 FBG label17 
FBUE labell7 FBULE | labell7 
FBUL labell7 FBU label17 
FBGE labell7 FBO label17 


The FBN instruction has no operand. 


@ Operation 


if (condition) { 


PC + 4 + exts(rel16 x 2) PC 


The branching conditions of each instruction are shown in Table 7.65-1. 


Table 7.65-1 Branching conditions of FBcc instruction (1 / 2) 


Mnemonic Contents conditions (FCC field) 


Branch Never Always unsatisfied 


Branch Always Always satisfied 


Branch Not Equal LorGorU 


Branch Equal 


Branch Less or Greater 


Branch Unordered or Equal 


Branch Unoredered or Less 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.65 


Table 7.65-1 Branching conditions of FBcc instruction (2 / 2) 


Mnemonic Contents conditions (FCC field) 


Branch Greater or Equal 


Branch Less L 


Branch Unordered or Greater or Equal UorGorE 


Branch Unorder or Greater GorU 


Branch Less or Equal LorE 


Branch Greater G 


Branch Unordered or Less or Equal EorLorU 


Branch Unordered U 


Branch Ordered EorLorG 


@ Classification 


Floating point instruction, FR81 family 


@ Execution Cycles 


2 cycles 


@ Instruction Format 
MSB LSB 
Cae Nh a Wy i a HN) Sie ee ASW SAN Ae a oe ea a cc 


(n+2) rell6 


@ EIT Occurrence and Detection 


An interrupt is detected. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


tine FR81 Family 
7.66 FBcc:D (Floating Point Conditional Branch with Delay Slot) 


This is a branching instruction having a delay slot. If conditions specified for each 
instruction are satisfied, control branches to the address indicated by label17 relative to 
the program counter (PC). The rel16 value is doubled and its sign is extended. If 
conditions are not satisfied, no branching occurs. 


@ Assembler Format 


FBN:D FBL:D label17 
FBA:D _ labell7 FBUGE:D label17 
FBNE:D_label17 FBUG:D _ labell7 
FBE:D _ labell7 FBLE:D _ labell7 
FBLG:D_labell7 FBG:D label17 
FBUE:D_label17 FBULE:D labell7 
FBUL:D _labell7 FBU:D label17 
FBGE:D_label17 FBO:D label17 


The FBN:D instruction has no operand. 


@ Operation 


if (condition) { 


PC + 4 + exts(rel16 x 2) + PC 


The branching conditions of each instruction are shown in Table 7.66-1. 


Table 7.66-1 Branching conditions of FBcc:D instruction (1 / 2) 


Mnemonic Contents conditions (FCC field) 


Branch Never Always unsatisfied 


Branch Always Always satisfied 


Branch Not Equal LorGorU 


Branch Equal 


Branch Less or Greater 


Branch Unordered or Equal 


Branch Unoredered or Less 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.66 


Table 7.66-1 Branching conditions of FBcc:D instruction (2 / 2) 


Mnemonic Contents conditions (FCC field) 


Branch Greater or Equal 


Branch Less L 


Branch Unordered or Greater or Equal UorGorE 


Branch Unorder or Greater GorU 


Branch Less or Equal LorE 


Branch Greater G 


Branch Unordered or Less or Equal EorLorU 


Branch Unordered U 


Branch Ordered EorLorG 


@ Classification 


Floating point instruction, FR81 family 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
Cae Nh i Wy sie ae ae We ey Sh ea te ea a cc 


(n+2) rell6 


@ EIT Occurrence and Detection 


No interrupt is detected. 
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7.67 


FR81 Family 


7.67 FCMPs (Single Precision Floating Point Compare) 


FRk and FRj are compared, and the result is reflected on the floating point condition 
code (FCC) of floating point control register (FCR). 


@ Assembler Format 


FCMPs_ FRk, FRj 


@ Operation 


F 


Rk - FRj 


The FCC is set as follows according to the comparison result. 


1000, (E) 


Comparison result 


FRk = FRj 


0100, (L) 


FRk < FR} 


0010, (G) 


FRk > FRj 


@ Classi 


0001, (U) 


fication 


FRk ? FRj (not possible to compare) 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


1 


@ Instruction Format 


(n+0) 


(n+2) 
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MSB 


LSB 


0 0 
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FR81 Family 7.67 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error), an FPU exception, or an interrupt is detected. 


@ Calculation result and exception flag 


*1: G/(-) or L/(-) or E/(-) 
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oe FR81 Family 
7.68 FDIVs (Single Precision Floating Point Division) 


FRk is divided by FRj, and its result is stored in FRi. 


@ Assembler Format 


FDIVs_ FRk, FRj, FRi 


@ Operation 


FRk / FRj > FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


9 cycles 


@ Instruction Format 


MSB LSB 
(n+0) | O 0 0 0 0 1 1 1 1 0 1 0 1 0 1 0 


(n+2) : FRk FRj FRi 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error), an FPU exception, or an interrupt is detected. 
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FR81 Family 


@ Calculation result and exception flag 


*1: +INF/0, X or +0/U, X or +Norm/(X) 
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7.68 


QNaN/V 


+INF/Z 


-INF/Z 


*] 


*2. 


-INF/Z 


+INF/Z 


*2. 


*] 


+INF/(-) 


-INF/(-) 


+INF/(-) 


-INF/(-) 


-INF/(-) 


+INF/(-) 


-INF/(-) 


+INF/(-) 


QNaN/(-) 


*2: -INF/O, X or -0/U, X or -Norm/(X) 
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me FR81 Family 

7.69 FilOs (Convert from Integer to Single Precision Floating 
Point) 


A 32-bit signed integer in FRj is converted into a single-precision floating point value, 
and it is stored in FRi. 


@ Assembler Format 


FiTOs FRj, FRi 


@ Operation 


(float) FRj > FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
(n+0) 0 0 0 0 0 1 1 1 1 0 1 0 1 0 0 0 


(n+2) : 2 FRj FRi 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error), an FPU exception, or an interrupt is detected. 
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FR81 Family 7.69 


@ Calculation result and exception flag 


Output result 


O/(-) 


+Norm/(X) 


-Norm/(X) 


+Nrom/X 
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7.70 FR81 Family 
7.70 FLD (Single Precision Floating Point Data Load) 


Loads the value at memory address Rj to FRi. 


@ Assembler Format 


FLD @Rj, FRi 


@ Operation 


(Rj) > FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB LSB 
(n+0) | O 0 0 0 0 1 1 1 1 1 0 0 Rj 


(n+2) : : : FRi 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (a data access error or FPU 
absence error), or an interrupt is detected. 
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FR81 Family 7.71 
7.71 FLD (Single Precision Floating Point Data Load) 


Loads the value at memory address R13+Rj to FRi. 


@ Assembler Format 


FLD @(R13,Rj), FRi 


@ Operation 


(R13 + Rj) > FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB LSB 
(n+0) | O 0 0 0 0 1 1 1 1 1 1 0 Rj 


(n+2) : : : FRi 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (a data access error or FPU 
absence error), or an interrupt is detected. 
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ioe FR81 Family 
7.72 FLD (Single Precision Floating Point Data Load) 


Loads the value at memory address R14+014 x 4 to FRi. Signed 014 value is calculated. 
The value in 014 x 4 is specified as disp16. 


@ Assembler Format 


FLD @(R14,disp16), FRi 


@ Operation 


(R14 +014 x4) > FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
(n+0) 0 0 0 0 0 1 1 1 1 1 0 1 0 0 014 


(n+2) ol4 FRi 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (a data access error or FPU 


absence error), or an interrupt is detected. 
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FR81 Family 7.73 
7.73 FLD (Single Precision Floating Point Data Load) 


Loads the value at memory address R15+u14x4 to FRi. Unsigned u14 value is 
calculated. The value in u14x4 is specified as udisp16. 


@ Assembler Format 


FLD @(R15,udisp16), FRi 


@ Operation 


(R15 +ul4 x 4) > FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
(n40)} 0 | 0]0]/0]o0]1]1 411 ]171}0]1)041 ul4 


(n+2) ul4 FRi 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (a data access error or FPU 


absence error), or an interrupt is detected. 
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gle FR81 Family 
7.74 FLD (Single Precision Floating Point Data Load) 


Loads the value at memory address R15 to FRi, and adds 4 to R15. 


@ Assembler Format 


FLD @R15+, FRi 


@ Operation 


(R15) — FRi 
R15+4—-RI15 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB LSB 
(n+0) | O 0 0 0 0 1 1 1 1 1 0 1 1 0 - 


(n+2) = FRi 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (a data access error or FPU 
absence error), or an interrupt is detected. 
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FR81 Family 7.75 
7.75 FLD (Load Word Data in Memory to Floating Register) 


Loads the word data at memory address BP+u16 x 4 to FRi. Unsigned u16 value is 
calculated. The value in u16 x 4 is specified as udisp18. 


@ Assembler Format 


FLD @(BP, udisp18), FRi 


@ Operation 


(BP+ul6 x 4) — FRi 


@ Flag Change 
N|Z|]|V {IC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory load instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
(n40)} 0/0]/0]0]o0]1]1}]1]o]1}1 41 FRi 


(n+2) ul6 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (a data access error or FPU 


absence error), or an interrupt is detected. 
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7.76 FR81 Family 


7.76 FLDM (Single Precision Floating Point Data Load to 
Multiple Register) 


The registers shown on the frlist are sequentially restored from the stack. Registers 
FRO to FR15 can be set on the frlist. They are processed in ascending order of register 
numbers. 


@ Assembler Format 


FLDM £(frlist) 


@ Operation 


The following operations are repeated according to the number of registers specified in the parameter frlist. 
(R15) — FRi 
R15+4—-RI15 


The bit and register relation of frlist of FLDM instruction is shown in Table 7.76-1. 


Table 7.76-1 The bit and register relation of frlist of FLDM instruction 


ee ee | |G He ae 


ro [S| 


@ Classification 


Floating point instruction, FR81 family 


@ Execution Cycles 


na cycle (n: Transfer register number) 
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FR81 Family 7.76 
@ Instruction Format 


MSB LSB 
GneOy || Oe Mh 908 WO 9 Oe eae a Ny le Pe i Be || aa Np cline 


(n+2) frlist 


@ EIT Occurrence and Detection 
A data access protection violation exception, an invalid instruction exception (a data access error or FPU 
absence error), or an interrupt is detected. 


If an exception occurs during repetition, the access that generated the exception is interrupted. The 
remaining values of frlist are stored in the RL of exception status register (ESR), and the exception process 
is executed. 
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teh FR81 Family 

7.77 FMADDs (Single Precision Floating Point Multiply and 
Add) 


FRk is multiplied by FRj, and FRi is added to its result and then stored in FRi. 


@ Assembler Format 


FMADDs_ FRk, FRj, FRi 


@ Operation 


FRk X FRj + FRi > FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


4 cycles 


@ Instruction Format 


MSB LSB 
(n+0) | O 0 0 0 0 1 1 1 1 0 1 0 0 1 0 1 


(n+2) ‘ FRk FRj FRi 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error), an FPU exception, or an interrupt is detected. 
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FR81 Family 77 


@ Calculation result and exception flag 


[Multiplication] 


QNaN/V QNaN/(-) 


*] *2 +INF/(-) | -INF/(-) 


*2 *] -INF/(-) | +INF/(-) 


+INF/(-) | -INF/(-) | +INF/(-)|} -INF/(-) 


-INF/(-) | +INF/(-) | -INF/(-) | +INF/(-) 


*1: +INF/0, X or +0/U, X or +Norm/(X) 
*2: -INF/O, X or -0/U, X or -Norm/(X) 


[Addition] 


+0K(-) +Norm/(X)| -Norm/(X) | +INF/(-) | -INF/(-) |QNaN/(-) 


+Norm/(X) 


-Norm/(X) 


QNaN/V 


-INF/(-) +INF/(-) 


*1: +INF/0, X or -INF/P. X or + Norm/(X) 
*2: + O/(-) or £0/U or + Norm/(X) 
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7.78 FR81 Family 
7.78 FMOVs (Single Precision Floating Point Move) 


Loads the value in FRj to FRi. 


@ Assembler Format 


FMOVs_ FRj, FRi 


@ Operation 


FRj — FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB LSB 
(n+0) | O 0 0 0 0 1 1 1 1 0 1 0 1 1 1 0 


(n+2) : : FRj FRi 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error), an interrupt is detected. 
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FR81 Family 7.79 
7.79 FMSUBs (Single Precision Floating Point Multiply and 
Subtract) 


FRk is multiplied by FRj, and its result is subtracted by FRi and then stored in FRi. 


@ Assembler Format 


FMSUBs_ FRk, FRj, FRi 


@ Operation 


FRk X FRj - FRi > FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


4 cycles 


@ Instruction Format 


MSB LSB 
(n+0) | O 0 0 0 0 1 1 1 1 0 1 0 0 1 1 0 


(n+2) - FRk FRj FRi 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error), an FPU exception, or an interrupt is detected. 
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7.79 


FR81 Family 


@ Calculation result and exception flag 


[Multiplication] 


QNaN/V QNaN/(-) 


*1 *2 +INF/(-) | -INF/(-) 


*2 *] -INF/(-) | +INF/(-) 


+INF/(-) | -INF/(-) | +INF/(-) | -INF/(-) 


-INF/(-) | +INF/(-) | -INF/(-) | +INF/(-) 


*1: +INF/0, X or +0/U, X or +Norm/(X) 
*2: -INF/O, X or -0/U, X or -Norm/(X) 


[Addition] 


+0/(-) +Norm/(X)|-Norm/(X) | +INF/(-) | -INF/(-) |QNaN/-) 
-O/(-) 


+Norm/(X) 


-Norm/(X) 


+INF/(-) 


-INF/(-) QNaN/V 


*1: +INF/0 or -INF/0 or + NorM/(X) 
*2: +O0/(-) or + 0/U or + Norm/(X) 
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FR81 Family 7.80 
7.80 FMULs (Single Precision Floating Point Multiply) 


FRk is multiplied by FRj, and its result is stored in FRi. 


@ Assembler Format 


FMULs_ FRk, FRj, FRi 


@ Operation 


FRk X FRj — FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB LSB 
(n+0) | O 0 0 0 0 1 1 1 1 0 1 0 0 1 1 1 


(n+2) : FRk FRj FRi 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error), an FPU exception, or an interrupt is detected. 


CM71-00105-1E FUJITSU MICROELECTRONICS LIMITED 255 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.80 


FR81 Family 


@ Calculation result and exception flag 


+0/(-) QNaN/V QNaN/(-)| QNaN/V 
-O/(-) 


+0/(-) *] *2 +INF/(-) | -INF/(-) 


-0/(-) *2 *] -INF/(-) | +INF/(-) 


QNaN/V +INF/(-) | -INF/(-) | +INF/(-)|} -INF/(-) 


-INF/(-) | +INF/(-) | -INF/(-) | +INF/(-) 


*1: +INF/0, X or +0/U, X or +Norm/(X) 
*2: -INF/O, X or 0/U, X or -Norm/(X) 
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FR81 Family 7.81 
7.81. FNEGs (Single Precision Floating Point sign reverse) 


A sign of FRj value is inverted, and the result is stored in FRi. 


@ Assembler Format 


FNEGs_ FRj, FRi 


@ Operation 


FRj Xx -1 > FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB LSB 
CeO | NN Of) OE Ht) Oy) 0 ae eas ee Nae eG 68 NO, |] Sab | 


(n+2) : : FRj FRi 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error), an interrupt is detected. 
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tate FR81 Family 
7.82 |FSQRTs (Single Precision Floating Point Square Root) 


A square root of FRj is calculated, and its result is stored in FRi. 


@ Assembler Format 


FSQRTs_ FRj, FRi 


@ Operation 


J” FRj > FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


14 cycles 


@ Instruction Format 
MSB LSB 
(n+0) 0 0 0 0 0 1 1 1 1 0 1 0 1 0 1 1 


(n+2) Z : FRj FRi 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error), an FPU exception, or an interrupt is detected. 


@ Calculation result and exception flag 
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FR81 Family 7.83 
7.83 FST (Single Precision Floating Point Data Store) 


Loads the value in FRi to memory address Rj. 


@ Assembler Format 


FST FRi, @Rj 


@ Operation 


FRi > (Rj) 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB LSB 
(n+0) | O 0 0 1 0 1 1 1 1 1 0 0 Rj 


(n+2) : : : FRi 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (a data access error or FPU 
absence error), or an interrupt is detected. 
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7.84 


7.84 


FR81 Family 
FST (Single Precision Floating Point Data Store) 


Loads the value in FRi to memory address R13+Rj. 


260 


@ Assembler Format 


FST FRi, @(R13,R)j) 


@ Operation 


FRi > (R13 + Rj) 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB LSB 
Cnr | N20 | ABE LN SO. | ae ea ae Sa as lie Rj 


(n+2) : : : FRi 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (a data access error or FPU 
absence error), or an interrupt is detected. 
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FR81 Family 


7.85 FST (Single Precision Floating Point Data Store) 


7.85 


Loads the value in FRi to memory address R14+014 x 4. Signed 014 value is calculated. 


The value in 014 x 4 is specified as disp16. 


@ Assembler Format 


FST FRi, @(R14,disp16) 


@ Operation 


FRi > (R144 014x 4) 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB 


LSB 


(n+0)| 0} 0] o0}1/0)]1 414/141 


014 


(n+2) 014 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (a data access error or FPU 


absence error), or an interrupt is detected. 
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fe FR81 Family 
7.86 FST (Single Precision Floating Point Data Store) 


Loads the value in FRi to memory address R15+u14 x 4. Unsigned u14 value is 
calculated. The value in u14 x 4 is specified as udisp16. 


@ Assembler Format 


FST FRi, @(R15,udisp16) 


@ Operation 


FRi > (R15 +ul4 x4) 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
(n+0) 0 0 0 1 0 1 1 1 1 1 0 1 0 1 ul4 


(n+2) ul4 FRi 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (a data access error or FPU 
absence error), or an interrupt is detected. 
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FR81 Family 
7.87 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.87 


FST (Single Precision Floating Point Data Store) 


R15 is subtracted by 4, and the value in FRi is loaded to the memory address identified 


by new R15. 


@ Assembler Format 


FST FRi, @-R1I5 


@ Operation 


R15-4>RI5 
FRi > (RI5) 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB 


LSB 


(n+0) | O 0 0 1 0 1 


(n+2) : 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (a data access error or FPU 


absence error), or an interrupt is detected. 
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ve FR81 Family 


7.88 | FST (Store Word Data in Floating Point Register to 
Memory) 


Loads the word data in FRi to memory address BP+u16 x 4. Unsigned u16 value is 
calculated. The value in u16 x 4 is specified as udisp18. 


@ Assembler Format 


FST FRi, @(BP, udisp18) 


@ Operation 


FRi > (BP+ul6 x 4) 


@ Flag Change 
N|Z|]|V {IC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory store instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB LSB 
(n+0) | 0 0 0 1 0 1 1 1 0 1 1 1 FRi 


(n+2) ul6 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (a data access error or FPU 
absence error), or an interrupt is detected. 
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FR81 Family 7.89 


7.89 FSTM (Single Precision Floating Point Data Store from 
Multiple Register) 


The registers shown on frlist are sequentially saved in the stack. Registers FRO to FR15 
can be set on the frlist. They are processed in descending order of register numbers. 


@ Assembler Format 


FSTM (frlist) 


@ Operation 


The following operations are repeated according to the number of registers specified in the parameter frlist. 
R1I5-4—RI15 
(R15) — FRi 


The bit and register relation of frlist of FSTM instruction is shown in Table 7.89-1. 


Table 7.89-1 The bit and register relation of frlist of FSTM instruction 


BEDE Oa Biss 


[rn rr a | [0 [| rR 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


na cycle (n: Transfer register number) 


@ Instruction Format 


MSB LSB 
Oy. | Oe MOF | SO ory SS WE) a Gee) ap all * a 


(n+2) frlist 
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7.89 H 
FR81 Family 
@ EIT Occurrence and Detection 
A data access protection violation exception, an invalid instruction exception (a data access error or FPU 
absence error), or an interrupt is detected. 


If an exception occurs during repetition, the access that generated the exception is interrupted. The 
remaining values of frlist are stored in the register list (RL) of exception status register (ESR), and the 
exception process is executed. 
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FR81 Family 7.90 
7.90 FsTOi (Convert from Single Precision Floating Point to 
Integer) 


A single-precision floating point value of FRj is converted into a 32-bit signed integer, 
and it is stored in FRi. 


@ Assembler Format 


FsTOi FRj, FRi 


@ Operation 


(int) FRj > FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
(n+0) 0 0 0 0 0 1 1 1 1 0 1 0 1 0 0 1 


(n+2) : 2 FRj FRi 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error), an FPU exception, or an interrupt is detected. 
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120 FR81 Family 


@ Calculation result and exception flag 


Output result 


+0 O/(-) 


+ Den 0/D 


+Norm +0/(X), +Norm/(X), +MAX/V 


-Norm +0/(X), -Norm/(X), -MAX/V 


+INF +MAX/V 


-INF -MAX/V 


QNaN, SNaN + MAX/V 
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FR81 Family 7.91 
7.91 FSUBs (Single Precision Floating Point Subtract) 


FRk is subtracted by FRj, and its result is stored in FRi. 


@ Assembler Format 


FSUBs_ FRk, FRj, FRi 


@ Operation 


FRk - FRj — FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB LSB 
(n+0) | O 0 0 0 0 1 1 1 1 0 1 0 0 0 1 0 


(n+2) : FRk FRj FRi 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error), an FPU exception, or an interrupt is detected. 
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7.91 


270 


@ Calculation result and exception flag 


FR81 Family 


+0/(-) 


-O/(-) 


+Norm/(X) 


-Norm/(X) 


+Norm/(X) 


-Norm/(X) 


+INF/(-) 


+INF/(-) 


-INF/(-) 


-INF/(-) 


QNaN/V 


QNaN/(-) 


*1: +INF/0 or -INF/0 or + NorM/(X) 
*2: + O/(-) or £0/U or + Norm/(X) 
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FR81 Family 7.92 
7.92 INT (Software Interrupt) 


This is a software interrupt instruction. Reads the vector table for the interrupt vector 
number u8 to determine the branch destination address, and branches. 


@ Assembler Format 


INT #u8 


Vector numbers 9 to 13, 64 and 65 are used by emulators for debugging interrupts and therefore the 
corresponding numbers "INT #9" to "INT #13", "INT #64", "INT #65" should not be used in user 


programs. 


@ Operation 


SSP-4 — SSP 

PS > (SSP) 

SSP-4 — SSP 

PC+2 — (SSP) 

"0" > CCR:I 

"0" > CCR:S 
(TBR+3FCy,-u8 x 4) > PC 


Stores the values of the program counter (PC) and program status (PS) to the stack indicated by the system 
stack pointer (SSP) for interrupt processing. Writes "0" to the S flag in the condition code register (CCR), 
and uses the SSP as the stack pointer for following steps. Writes "0" to the I flag (interrupt enable flag) in 
the CCR to disable external interrupts. Reads the vector table for the interrupt vector number u8 to 
determine the branch destination address, and branches. 


@ Flag Change 


SJTIJN|]Z|V]C 
Osho [ne Psst) 2 


N, Z, V, C: Unchanged. 
S, I: Cleared. 


@ Classification 


Non-Delayed Branching instruction 
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7.92 


272 


@ Execution Cycles 


1+3a cycles 


@ Instruction Format 


MSB 


FR81 Family 


LSB 


0 0 0 


@ Execution Example 


INT #20H 


R15 


SSP 


TBR 


USP 


PC 


PS 


CCR 


OOOFFF7C 


7FFFFFF8 
7FFFFFFC 
80000000 


; Bit pattern of the instruction: 0001 1111 0010 0000 


4000 0000| 


8000 000 0 | 


OO0OF FCoo| 


4000 000 0| 


8088 808 6| 


FFFFF8FO 


SINZVC 


110000 


Memory 


6809 6800 


xX XXX XX X X 


xX XX X XX X X 


xX XX X XX XX 


Before execution 


R15 


SSP 


TBR 


USP 


PC 


PS 


CCR 


OOOFFF7C 


7FFFFFF8 


7FFFFFFC 
80000000 
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7FFFFFF8 


7FFFFFF8 


OO0O0F FCOO 


4000 0000 


6809 6800 


FFFFF8CO 


SINZVC 
000000 


Memory 


6809 6800 


8088 8088 


FFFFF8FO 


xX XX X XX X X 


After execution 
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FR81 Family 7.93 
7.93. INTE (Software Interrupt for Emulator) 


This software interrupt instruction is used for debugging. It determines the branch 
destination address by reading interrupt vector number "#9" from the vector table, then 
branches. 


@ Assembler Format 


INTE 


@ Operation 


SSP-4 — SSP 

PS > (SSP) 

SSP-4 — SSP 
PC+2 — (SSP) 
4— ILM 

"0" > CCR:S 
(TBR+3D8y) > PC 


It stores the values of the program counter (PC) and program status (PS) to the stack indicated by the 
system stack pointer (SSP) for interrupt processing. It writes "0" to the S flag in the condition code register 
(CCR), and uses the SSP as the stack pointer for the following steps. It determines the branch destination 
address by reading interrupt vector number #9 from the vector table, then branches. 


There is not change to the I flag in the condition code register (CCR). The interrupt level mask register 
(ILM) in the program status (PS) is set to level 4. 


@ Flag Change 


S;.T/N{]Z/VqiC 
Ole les 


I, N, Z, V, C: Unchanged. 
S: Cleared. 


@ Classification 


Non-Delayed Branching instruction 
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@ Execution Cycles 


1+3a cycles 


@ Instruction Format 


MSB LSB 
1 0 0 1 1 1 1 1 0 0 1 1 0 0 0 0 


@ Execution Example 


INTE ; Bit pattern of the instruction: 1001 1111 0011 0000 

R15 4000 0000 R15 7FFF FFF8 
SSP 8000 0000 SSP 7FFF FFF8 
USP 4000 0000 USP 4000 0000 
TBR 000F FCOO TBR 000F FCOO 
PC 8088 8086 PC 6809 6800 
PS FFF5 F8FO PS FFE4F8DO 
ILM 10101 ILM 00100 
SINZVC SINZVC 
CCR 110000 CCR 010000 

Memory Memory 
OOOFFFD8 6809 6800 OOOFFFD8 6809 6800 
7FFFFFF8 Xx XXX XXXX 7FFFFFF8 8088 8088 
7FFFFFFC xX XX X X X X X 7FFFFFFC FFFFF8FQO 
80000000 xX XXX XX X X 80000000 xX XXX XX XX 
Before execution After execution 
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FR81 Family 


7.94 


JMP (Jump) 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.94 


This is a branching instruction without a delay slot. Branches to the address indicated 


in Ri. 


CM71-00105-1E 


@ Assembler Format 


JMP @Ri 


@ Operation 
Ri > PC 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Non-Delayed Branching instruction 


@ Execution Cycles 


2 cycles 


@ Instruction Format 


MSB 


1 0 0 1 0 1 1 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.94 


@ Execution Example 


JMP @RI 


R1 


PC 


276 


FR81 Family 


; Bit pattern of the instruction: 1001 0111 0000 0001 


C000 8000 


FF800000 


Before execution 
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R1 


PC 


0000 OOFF 


C000 8000 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.95 


FR81 Family 
7.95 JMP:D (Jump) 


This is a branching instruction with delay slot. Branches to the address indicated by Ri. 


@ Assembler Format 


JMP:D @Ri 


@ Operation 
Ri > PC 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Delayed Branching instruction 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
LSB 


MSB 
1 0 0 1 0 0 0 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
as FR81 Family 
@ Execution Example 


JMP:D @RI1 ; Bit pattern of the instruction: 1001 1111 0000 0001 
LDI:8 #0FFH, R1_ ; Instruction placed in delay slot 


R1 C000 8000 R1 0000 OOFF 
PC FF800000 PC C000 8000 
Before execution of JMP instruction After branching 


The instruction placed in the delay slot will be executed before execution of the branch destination 
instruction. The value R1 above will vary according to the specifications of the LDI:8 instruction placed in 
the delay slot. 
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FR81 Family 7.96 
7.96 _LCALL (Long Call Subroutine) 


This is a branching instruction without a delay slot. The next instruction address is 
stored in the return pointer (RP), and then control branches to the address identified by 
label21 relative to the program counter (PC). The value in rel20 is doubled during 
address calculation, and its sign is extended. 


@ Assembler Format 


LCALL label21 


@ Operation 


PC + 4— RP 
PC + 4 + exts(rel20 x 2) — PC 


@ Flag Change 
N|Z|V {IC 


N, Z, V, C: Unchanged. 


@ Classification 


Branching instruction without delay, FR81 family 


@ Execution Cycles 


2 cycles 


@ Instruction Format 


MSB LSB 
(n+0) | O 0 0 0 0 1 1 1 0 0 1 0 rel20 (Upper) 


(n+2) rel20 (Lower) 


@ EIT Occurrence and Detection 


An interrupt is detected. 
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ei FR81 Family 
7.97 LCALL:D (Long Call Subroutine) 


This is a branching instruction with a delay slot. The next instruction address is stored 
in the return pointer (RP), and then control branches to the address identified by label21 
relative to the program counter (PC). The value in rel20 is doubled during address 
calculation, and its sign is extended. 


@ Assembler Format 


LCALL:D label21 


@ Operation 


PC +6 — RP 
PC + 4 + exts(rel20 x 2) — PC 


@ Flag Change 
N|Z|V {IC 


N, Z, V, C: Unchanged. 


@ Classification 


Branching instruction with delay, FR81 family 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB LSB 
(n+0) 0 0 0 1 0) 1 1 1 0) 0 1 0 rel20 (Upper) 


(n+2) rel20 (Lower) 


@ EIT Occurrence and Detection 


No interrupt is detected. 
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FR81 Family 
7.98 LD (Load Word Data in Memory to Register) 


7.98 


Loads the word data at memory address Rj to Ri. 


@ Assembler Format 


LD @Rj, Ri 


@ Operation 


(Rj) > Ri 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Load instruction, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 


MSB LSB 


0 0 0 0 0 1 0 0 Rj Ri 
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7.98 


@ Execution Example 


LD @R2,R3 


R2 
R3 


12345678 


282 


; Bit pattern of the instruction: 0000 0100 0010 0011 


1234 5678 


0000 0000 


Memory 


8765 4321 


Before execution 


—p 


R2 
R3 


12345678 
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FR81 Family 


1234 5678 


8765 4321 


Memory 


8765 4321 


After execu 


tion 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.99 LD (Load Word Data in Memory to Register) 


7.99 


Loads the word data at memory address R13 + Rj to Ri. 


@ Assembler Format 


LD 


@ Operation 


(R13+Rj) > Ri 


@ Flag Change 


@(R13, Rj), Ri 


N 


Z 


Vv 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Load instruction, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 


MSB 


0 
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7.99 


@ Execution Example 


LD @(R13, R2), R3 


R2 
R3 


R13 


1234567B 
1234567C 


284 


0000 0004 


X XXX XX XX 


1234 5678 


Memory 


8765 4321 


Before execution 
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R13 


1234567B 
1234567C 


FR81 Family 


; Bit pattern of the instruction: 0000 0000 0010 0011 


0000 000 


4 


8765 432 


{ 


1234 567 


8 


Memory 


8765 432 


{ 


After execution 
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7.100 LD (Load Word Data in Memory to Register) 


7.100 


Loads the word data at memory address R14 + 08 x 4 to Ri. The value of 08 x 4 is 


specified as disp10. 


@ Assembler Format 


LD 


@ Operation 


(R14+08 x 4) > Ri 


@ Flag Change 


@(R14, disp10), Ri 


N 


Z 


Vv 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Load instruction, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 


MSB 


0 


08 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.100 


FR81 Family 


@ Execution Example 


LD @(R14,4), R3 ; Bit pattern of the instruction: 0010 0000 0001 0011 
R3 XXXX XXXX R3 8765 4321 
—> 
R14 1234 5678 R14 1234 5678 
12345678 Memory 12345678 Memory 
1234567C 8765 4321 1234567C 8765 4321 
Before execution After execution 
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FR81 Family 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.101 LD (Load Word Data in Memory to Register) 


7.101 


Loads the word data at memory address R15 + u4 x 4 to Ri. The value u4 is an unsigned 
calculation. The value of u4 x 4 is specified as udisp6. 


@ Assembler Format 


LD @(R1I5, udisp6), Ri 


@ Operation 


(R15+u4 x4) > Ri 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Load instruction, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 


MSB 


0 0 0 0 


CM71-00105-1E 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.101 


FR81 Family 


@ Execution Example 


LD @(R15,4), R3 ; Bit pattern of the instruction: 0000 0011 0001 0011 
R3 [ x x x x X X XX R3 8765 4321 
—>- 

R15 [1234 5678 Ris [1234 5678 
12345678 Memory 12345678 Memory 
1234567C 8765 4321 1234567C 8765 4321 

Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.102 
7.102 LD (Load Word Data in Memory to Register) 


Loads the word data at memory address R15 to Rj, and adds 4 to the value of R15. If 
R15 is given as parameter Ri, the value read from the memory will be loaded into 
memory address R15. 


@ Assembler Format 


LD @RI15+, Ri 


@ Operation 


(R15) > Ri 
R15+4—RI15 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Load instruction, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 
MSB LSB 
0 0 0 0 0 1 1 1 0 0 0 0 Ri 
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ie FR81 Family 


@ Execution Example 


LD @R15+, R3 ; Bit pattern of the instruction: 0000 0111 0000 0011 


R3 xX X X X ROL R3 8765 4321 
—> 
Ris | 1234 5678] Ris |1234 567C 
Memory Memory 
12345678 8765 4321 12345678 8765 4321 
1234567C 1234567C 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.103 
7.103 LD (Load Word Data in Memory to Register) 


Loads the word data at memory address BP+u16 x 4 to Ri. Unsigned u16 value is 
calculated. The value in u16 x 4 is specified as udisp18. 


@ Assembler Format 


LD @(BP, udisp18), Ri 


@ Operation 


(BP+ul6 x 4) > Ri 


@ Flag Change 
N|Z|]|V {IC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory load instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
(n+0) 0 0 0 0 0 1 1 1 0 1 0 0 Ri 


(n+2) ul6 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (a data access error), or an 


interrupt is detected. 
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7.104 


FR81 Family 


7.104 LD (Load Word Data in Memory to Register) 


Loads the word data at memory address R15 to dedicated register Rs, and adds 4 to the 
value of R15. 


292 


@ Assembler Format 


LD @RI15+, Rs 


@ Operation 


(R15) > Rs 
R15+45RI5 


If TBR, SSP, or ESR is specified in user mode or if a non-existing register number is specified in user 


mode, an invalid instruction exception (system-only register access) is generated. 


There is no restriction in privilege mode. If a number without a dedicated register is specified for Rs in 


privilege mode, a value being read from memory is abandoned. 


If Rs is designated as the system stack pointer (SSP) or user stack pointer (USP), and that pointer is 
indicating R15 (the S flag in the condition code register (CCR) is set to "0" to indicate the SSP, and to "1" 
to indicate the USP), the last value remaining in R15 will be the value read from memory. 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Load instruction, Instruction with delay slot, FR81 updating 


@ Execution Cycles 


b cycle 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.104 


@ Instruction Format 


MSB LSB 
0 0 0 0 0 1 1 1 1 0 0 0 Rs 


@ EIT Occurrence and Detection 


User mode: 


An invalid instruction exception (system-only register access) is generated. A data access protection 
violation exception, an invalid instruction exception (data access error), or an interrupt is detected. 


Privilege mode: 


A data access protection violation exception, an invalid instruction exception (data access error), or an 
interrupt is detected. 


@ Execution Example 


LD @RI15+, MDH ; Bit pattern of the instruction: 0000 0111 1000 0100 
R15 1234 5674 R15 1234 5678 
—> 
MDH XXXX XXXX MDH 8765 4321 
12345670 Memory 12345670 Memory 
12345674 8765 4321 12345674 8765 4321 
Before execution After execution 
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7.105 FR81 Family 


7.105 LD (Load Word Data in Memory to Program Status 
Register) 


Loads the word data at memory address R15 to the program status (PS), and adds 4 to 
the value of R15. 


@ Assembler Format 


LD @RI15+, PS 


@ Operation 


(R15) > PS 
R15+4—-RI15 


The contents of system status register (SSR) cannot be changed by this instruction regardless of the 
selected operation mode. If this instruction is executed in user mode, only the D1, DO, N, Z, V and C flags 
can be changed. The other flag values are not updated. Any bit other than SSR can be changed in privilege 
mode. 


At the time this instruction is executed, if the value of the interrupt level mask register (ILM) is in the range 
16 to 31, only new ILM settings between 16 and 31 can be entered. If data in the range 0 to 15 is loaded 
from memory, the value 16 will be added to that data before being transferred to the ILM. IF the original 
ILM value is in the range 0 to 15, then any value from 0 to 31 can be transferred to the ILM. 


@ Flag Change 


N/|Z/V/C 
C})/C}C]C 


N, Z, V, C: Data of (R15) is transferred. 


@ Classification 


Memory Load instruction, FR81 updating 


@ Execution Cycles 


1+a cycles 
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FR81 Family 7.105 
@ Instruction Format 
MSB LSB 


0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 0 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (data access error), or an 
interrupt is detected. If the interrupt level mask register (ILM) or interrupt enable flag (I) is changed, an 


interrupt is detected using the changed values. 


@ Execution Example 


LD @RI15+,PS ; Bit pattern of the instruction: 0000 0111 1001 0000 


R15 1234 5674 R15 1234 5678 
—> 
PS FFFF F8D5 PS FFF8 F8CO| 
12345670 Memory 12345670 Memory | 
12345674 FFF8 F8CQO 12345674 FFF8 F8CO 
Before execution After execution 
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7.106 


FR81 Family 
7.106 LDI:20 (Load Immediate 20bit Data to Destination Register) 


Extends the 20-bit immediate data with 12 zeros in the higher bits, loads to Ri. 


296 


@ Assembler Format 


LDI:20 #120, Ri 


@ Operation 


extu(i20) > Ri 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Immediate Data Transfer instruction 


@ Execution Cycles 


2 cycles 


@ Instruction Format 


MSB 


LSB 


Ge Oy | Se Oral] Oe ae Shea Oe ae hel i20 (higher) 


(n+2) i20 (lower) 


FUJITSU MICROELECTRONICS LIMITED 
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FR81 Family 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


@ Execution Example 


LDI:20 #54321H, R3 


R3 


CM71-00105-1E 


; Bit pattern of the instruction: 1001 10110101 0011 


; 0100 0011 0010 0001 


0000 0000 __» R3 


0005 4321 


Before execution 
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After execution 


7.106 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


ae FR81 Family 


7.107 LDI:32 (Load Immediate 32 bit Data to Destination 
Register) 


Loads 1 word of immediate data to Ri. 


@ Assembler Format 


LDI:32 #132, Ri 


@ Operation 
132 > Ri 


@ Flag Change 
Ne} eZ hi -V-1f -€ 


N, Z, V, C: Unchanged. 


@ Classification 


Immediate Data Transfer instruction 


@ Execution Cycles 


d cycle 


@ Instruction Format 


MSB LSB 
(n+0) 1 0 0 1 1 1 1 1 1 0 0 0 Ri 
(n+2) 132 (higher) 
(n+4) 132 (lower) 
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FR81 Family 7.107 


@ Execution Example 
LDI:32 #87654321H, R3_ ; Bit pattern of the instruction: 1001 1111 1000 0011 


; 1000 0111 0110 0101 
0100 0011 0010 0001 


R3 0000 0000 Bs R3 8765 4321 


Before execution After execution 
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7.108 


FR81 Family 


7.108 LDI:8 (Load Immediate 8bit Data to Destination Register) 


Extends the 8-bit immediate data with 24 zeros in the higher bits, loads to Ri. 


@ Assembler Format 


LDI:8 #18, Ri 


@ Operation 


extu(i8) > Ri 


@ Flag Change 


N 


Z 


Vv 


N, Z, V, C: Unchanged. 


@ Classification 


Immediate Data Transfer instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


LSB 


1 
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FR81 Family 7.108 


@ Execution Example 


LDI:8 #21H,R3 _ ; Bit pattern of the instruction: 1100 0010 0001 0011 


R3 0000 0000 i R3 0000 0021 


Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.109 FR81 Family 
7.109 LDMO0 (Load Multiple Registers) 


The LDMO instruction stores the word data from the address R15 to the registers in the 
range RO to R7 as members of the parameter reglist and repeats the operation of adding 
4 to R15. Registers are processed in ascending numerical order. 


@ Assembler Format 


LDMO (reglist) 


Registers from RO to R7 are separated in reglist, multiple register are arranged and specified. 


@ Operation 


The following operations are repeated according to the number of registers specified in the parameter 
reglist. 


(R15) > Ri 
R15+4 > RIS 


Bit values and register numbers for reglist (LDMO) are shown in Table 7.109-1. 


Table 7.109-1 Bit values and register numbers for reglist (LDMO0) 


w 


Register 
R7 
R6 
R5 
R4 
R3 
R2 
R1 
RO 


SO] Re} dS] ww] BR) ON a) AN 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 
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FR81 Family 7.109 


@ Classification 


Other instructions 


@ Execution Cycles 


If "n" is the number of registers specified in the parameter reglist, the execution cycles required are as 
follows. 


When n=0: | cycle 


Otherwise: b x n cycles 


@ Instruction Format 


MSB 


LSB 
1 0 0 0 1 1 0 0 reglist 
| | | | | | | 
@ Execution Example 
LDMO (R3, R4) ; Bit pattern of the instruction: 1000 1100 0001 1000 
R3 x XXX XXXX R3 90BC 93683 
R4 Xx XXX XX XxX R4 8343 834A 
R15 7FFF FFCO R15 TERE PEGS 
>} 

Memory Memory 
7FFFFFCO 90BC9363 7FFFFFCO 90BC9363 
7FFFFFC4 8343 834A 7FFFFFC4 8343 834A 
7FFFFFC8 XxX XX XX XX 7FFFFFC8 xX XXX X XX X 

Before execution After execution 
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7.110 


7.110 LDM1 (Load Multiple Registers) 


FR81 Family 


Loads the word data of address R15 to multiple registers R8 to R15 specified in reglist, 
repeats the operation of adding 4 to R15. Registers are processed in ascending 
numerical order. If R15 is specified in the parameter reglist, the final contents of R15 
will be read from memory. 


@ Assembler Format 


LDM1 (reglist) 


Registers from R8 to R15 are separated in reglist, multiple register are arranged and specified. 


@ Operation 
The following operations are repeated according to the number of registers specified in the parameter 


reglist. 


(R15) > Ri 
R15+4 > RIS 


Bit values and register numbers for reglist (LDM1) are shown in Table 7.110-1. 


Table 7.110-1 Bit values and register numbers for reglist (LDM1) 


w 


Register 
R15 
R14 
R13 
R12 
Ril 
R10 

R9 
R8 


SO] R} &] WB] BI OH a) N 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 
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FR81 Family 


@ Classification 


Other instructions 


@ Execution Cycles 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.110 


If "n" is the number of registers specified in the parameter reglist the execution cycles required are as 


follows. 


When n=0: | cycle 


Otherwise: b x n cycles 


@ Instruction Format 


MSB 


LSB 


1 0 0 


reglist 


@ Execution Example 


LDM1 (R10, R11, R12) 


R10 
R114 
R12 


R15 


7FFFFFCO 


7FFFFFC4 
7FFFFFC8 


7FFFFFCC 


CM71-00105-1E 


xX X X X X X X X 


xX X X X X X X X 


xX X X X X X X X 


7FFFFFCO 


Memory 


BFESQEBA 


90BC9363 


8DF788E4 


xX XX X X X X X 


Before execution 


R10 
R114 
R12 


R15 


7FFFFFCO 
7FFFFFC4 
7FFFFFC8 


7FFFFFCC 


FUJITSU MICROELECTRONICS LIMITED 


; Bit pattern of the instruction: 1000 1101 0001 1100 


8BFE39E8BA 


90BC9363 


8DF788E4 


7F FF FFCC 


Memory 


8BFE3S9YEBA 


90BC9363 


8DF788E4 


xX XX X X X X X 


After execution 
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7.111 


FR81 Family 


7.111 LDUB (Load Byte Data in Memory to Register) 


Extends with zeros the byte data at memory address Rij, loads to Ri. 


@ Assembler Format 


LDUB @R;j, Ri 


@ Operation 


extu((Rj)) > Ri 


@ Flag Change 


N 


Z 


Vv 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Load instruction, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 


MSB 


0 
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CM71-00105-1E 


FR81 Family 


@ Execution Example 


LDUB @R2,R3 _ ; Bit pattern of the instruction: 0000 0110 0010 0011 


R2 1234 5678 


R3 Xx XXX XXXX 
Memory 
12345678 21 


Before execution 


CM71-00105-1E 


R2 
R3 


1234 5678 
0000 0021 


12345678 


Memory 


21 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.112 


FR81 Family 


7.112 LDUB (Load Byte Data in Memory to Register) 


Extends with zeros the byte data at memory address R13 + Rj, loads to Ri. 


@ Assembler Format 


LDUB @(R13, Rj), Ri 


@ Operation 


extu((R13+Rj)) > Ri 


@ Flag Change 


N 


Z 


Vv 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Load instruction, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 


MSB 


0 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.112 


FR81 Family 


@ Execution Example 


LDUB @(R13, R2),R3 _ ; Bit pattern of the instruction: 0000 0010 0010 0011 


R2 0000 0004 R2 0000 0004 
R3 XX XX XXX X R3 0000 0021 
R13 1234 5678 R13 1234 5678 
12345678 Memory b 12345678 Memory 
1234567C 21 1234567C 21 


Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


eS FR81 Family 
7.113. LDUB (Load Byte Data in Memory to Register) 


Extends with zeros the byte data at memory address 14 + 08, loads to Ri. The value 08 
is a signed calculation. The value of 08 is specified in disp8. 


@ Assembler Format 


LDUB @(R14, disp8), Ri 


@ Operation 


extu((R14+08)) > Ri 


@ Flag Change 
N;}|Z/|ViC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Load instruction, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 
MSB LSB 
0 1 1 0 08 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.113 


@ Execution Example 


LDUB @(R14,1), R3 ; Bit pattern of the instruction: 0110 0000 0001 0011 
R3 Xx XXX XXXX R3 | 0000 0021 
Ri4 [1234 5678 R14 [1234 5678 
12345678 Memor 12345678 Memor 
y bp y 
12345679 2 1 12345679 2 1 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


ane FR81 Family 
7.114 LDUB (Load Byte Data in Memory to Register) 


Loads the byte data at memory address BP+u16 to Ri. Unsigned u16 value is calculated. 
The value in u16 is specified as udisp16. 


@ Assembler Format 


LDUB @(BP, udisp16), Ri 


@ Operation 


(BP+u16) > Ri 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Load instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
(n+0) 0 0 0 0 0 1 1 1 0 1 1 0 Ri 


(n+2) ul6 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (data access error), or an 


interrupt is detected. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.115 
7.115 LDUH (Load Halfword Data in Memory to Register) 


Extends with zeros the half-word data at memory address Rj, loads to Ri. 


@ Assembler Format 


LDUH @Rj, Ri 


@ Operation 


extu((Rj)) > Ri 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Load instruction, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 
MSB LSB 
0 0 0 0 0 1 0 1 Rj Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.115 


@ Execution Example 


LDUH @R2, R3 


R2 
R3 


314 


1234 5678 


X XXX XX XX 


Memory 


12345678 4321 


Before execution 


R2 
R3 


FR81 Family 


; Bit pattern of the instruction: 0000 0101 0010 0011 


1234 5678 
0000 4321 


Memory 


12345678 4321 


After execution 
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FR81 Family 
7.116 LDUH (Load Halfword Data in Memory to Register) 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.116 


Extends with zeros the half-word data at memory address R13 + Rj, loads to Ri. 


@ Assembler Format 


LDUH @(R13, Rj), Ri 


@ Operation 


extu((R13+Rj)) > Ri 


@ Flag Change 


N 


Z 


Vv 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Load instruction, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 


MSB 


LSB 


0 


CM71-00105-1E 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.116 


@ Execution Example 


LDUH @(R13 


FR81 Family 


,R2),R3 _ ; Bit pattern of the instruction: 0000 0001 0010 0011 


R2 0000 0004 R2 0000 0004 
R3 XxXXX XXXX R3 0000 4321 
R13 1234 5678 R13 1234 5678 
1234567C 4321 1234567C 4321 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.117 
7.117 LDUH (Load Halfword Data in Memory to Register) 


Extends with zeros the half-word data at memory address R14 + 08 «x 2, loads to Ri. The 
value 08 is a signed calculation. The value of 08 x 2 is specified in disp9. 


@ Assembler Format 


LDUH @(R14, disp9), Ri 


@ Operation 


extu((R14+08 x 2)) > Ri 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Load instruction, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 
MSB LSB 
0 1 0 0 08 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


717 FR81 Family 


@ Execution Example 


LDUH @(R14,2), R3 ; Bit pattern of the instruction: 0100 0000 0001 0011 


R3 XX XX XXXX R3 0000 4321 
R14 1234 5678 R14 1234 5678 
12345678 Memory ; 12345678 Memory 
1234567A 4321 1234567A 4321 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.118 
7.118 LDUH (Load Halfword Data in Memory to Register) 


Loads the half word data at memory address BP+u16 x 2 to Ri. Unsigned u16 value is 
calculated. The value in u16 x 2 is specified as udisp17. 


@ Assembler Format 


LD @(BP, udisp17), Ri 


@ Operation 


(BP+ul6 x 2) > Ri 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Load instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
(n+0) 0 0 0 0 0 1 1 1 0 1 0 1 Ri 


(n+2) ul6 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (data access error), or an 


interrupt is detected. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.119 


7.119 LEAVE (Leave Function) 


FR81 Family 


This instruction is used for stack frame release processing for high level languages. 


320 


@ Assembler Format 


LEAVE 


@ Operation 


R14+4 > RI5 
(R15-4) — R14 


@ Flag Change 


N 


Z 


Vv 


N, Z, V, C: Unchanged. 


@ Classification 


Other instructions, Instruction with delay slot 


@ Execution Cycles 


b cycle 


@ Instruction Format 


MSB 


LSB 


1 


FUJITSU MICROELECTRONICS LIMITED 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.119 


@ Execution Example 


LEAVE ; Bit pattern of the instruction: 1001 1111 1001 0000 

R14 |7F FF FFF4 R14 | 8000 0000 
—)» | 

R15 7FFF FFEC R15 7FFF FFF8 

Memory Memory 

7FFFFFEC | XX XX XX XxX 7FFFFFEC BIE, a eee 
TEFFPPFO - | XX. HR RX 7FFFFFFO | xx xX XX XX 
7FFFFFF4 |8000 0000 7FFFFFF4 8000 0000 
7FFFFFF8 | XX XX XXX xX GEFEREES. || So ee eee 
7FFFFFFC |xxxx xxxx 7FFFFFFC X XXX XX XX 
80000000 XxXXX XXXX 80000000 XX XX XXXX 


Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


an FR81 Family 
7.120 LSL (Logical Shift to the Left Direction) 


Makes a logical left shift of the word data in Ri by Rj bits, stores the result to Ri. Only 
the lower 5 bits of Rj, which designates the size of the shift, are valid and the shift range 


is 0 to 31 bits. 


@ Assembler Format 


LSL Rj, Ri 


@ Operation 
Ri << Rj > Ri 


@ Flag Change 


N/|Z{]|V{C 
C)/C}-/C 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V: Unchanged. 
C: Holds the bit value shifted last. Cleared when the shift amount is zero. 


@ Classification 


Shift instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 
1 0 1 1 0 1 1 0 Rj Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
FR81 Family 7.120 
@ Execution Example 


LSL R2, R3 ; Bit pattern of the instruction: 1011 0110 0010 0011 


R2 0000 0008 b R2 0000 0008 
R3 FFFF FFFF R3 FFFF FFOO 
NZVC NZVC 

CCR 0000 CCR 1001 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


on) FR81 Family 
7.121 LSL (Logical Shift to the Left Direction) 


Makes a logical left shift of the word data in Ri by u4 bits, stores the result to Ri. 


@ Assembler Format 


LSL #u4, Ri 


@ Operation 


Ri << u4 > Ri 


@ Flag Change 


N/|Z{|V{C 
C)/C}-/C 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V: Unchanged. 
C: Holds the bit value shifted last. Cleared when the shift amount is zero. 


@ Classification 


Shift instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 
1 0 1 1 0 1 0 0 u4 Ri 
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FR81 Family 


@ Execution Example 


LSL #8, R3 


R3 


CCR 


CM71-00105-1E 


; Bit pattern of the instruction: 1011 0100 1000 0011 


FFFFFFFF 


NZVC 


0000 


Before execution 


FUJITSU MICROELECTRONICS LIMITED 


—p 


R3 


CCR 


FFFFFFOO 


NZVC 


1001 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


tie FR81 Family 
7.122 LSL2 (Logical Shift to the Left Direction) 


Makes a logical left shift of the word data in Ri by u4+16 bits, stores the result to Ri. 


@ Assembler Format 


LSL2 #u4, Ri 


@ Operation 
Ri << {u4+16} > Ri 


@ Flag Change 


N/|Z{|V{C 
C)/C}-/C 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V: Unchanged. 
C: Holds the bit value shifted last. 


@ Classification 


Shift instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 
1 0 1 1 0 1 0 1 u4 Ri 
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FR81 Family 


@ Execution Example 


LSL2 #8, R3 


; Bit pattern of the instruction: 1011 0101 1000 0011 


R3 


FFFFFFFF 


CCR 


CM71-00105-1E 


NZVC 


0000 


Before execution 
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R3 


CCR 


FFO00 0000 


NZVC 


1001 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


SS FR81 Family 
7.123 LSR (Logical Shift to the Right Direction) 


Makes a logical right shift of the word data in Ri by Rj bits, stores the result to Ri. Only 
the lower 5 bits of Rj, which designates the size of the shift, are valid and the shift range 


is 0 to 31 bits. 


@ Assembler Format 


LSR_ Rj, Ri 


@ Operation 
Ri >> Rj > Ri 


@ Flag Change 


N/|Z{]|V{C 
C)/C}-/C 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V: Unchanged. 
C: Holds the bit value shifted last. Cleared when the shift amount is zero. 


@ Classification 


Shift instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 
1 0 1 1 0 0 1 0 Rj Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
FR81 Family 7.123 


@ Execution Example 


LSR_ R2, R3 ; Bit pattern of the instruction: 1011 0010 0010 0011 
R2 0000 0008 —_»> R2 0000 0008 
R3 FFFF FFF R3 OOFF FFFF 
NZVC NZVC 
CCR 0000 CCR 0001 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


OMe FR81 Family 
7.124 LSR (Logical Shift to the Right Direction) 


Makes a logical left shift of the word data in Ri by u4 bits, stores the result to Ri. 


@ Assembler Format 


LSR #u4, Ri 


@ Operation 


Ri>>u4— Ri 


@ Flag Change 


N/|Z{|V{C 
C)/C}-/C 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V: Unchanged. 
C: Holds the bit value shifted last. Cleared when the shift amount is zero. 


@ Classification 


Shift instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 
1 0 1 1 0 0 0 0 u4 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.124 


@ Execution Example 


LSR_ #8, R3 ; Bit pattern of the instruction: 1011 0000 1000 0011 


R38 | FREER FFFE > R38 | OOF F FFFF 


NZVC NZVC 
CCR 0000 CCR 0001 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.125 


7.125 LSR2 (Logical Shift to the Right Direction) 


FR81 Family 


Makes a logical left shift of the word data in Ri by u4+16 bits, stores the result to Ri. 


@ Assembler Format 


LSR2 #u4, Ri 


@ Operation 


Ri >> {u4+16} > Ri 


@ Flag Change 


N|Z/|ViC 
C;i}Cy}y-4C 
N: Cleared. 


Z: Set when the operation result is zero, cleared otherwise. 


V: Unchanged. 
C: Holds the bit value shifted last. 


@ Classification 


Shift instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


1 0 1 


u4 
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CM71-00105-1E 


FR81 Family 


@ Execution Example 


LSR2 #8, R3 ; Bit pattern of the instruction: 1011 0001 1000 0011 


R3 0000 OOFF 


R38 | FREER FFFF 


NZVC 


CCR 0000 


Before execution 


CM71-00105-1E 


—> 


CCR 


FUJITSU MICROELECTRONICS LIMITED 


NZVC 


0001 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.126 


Register) 


FR81 Family 
7.126 MOV (Move Word Data in Source Register to Destination 


Moves the word data in Rj to Ri. 


@ Assembler Format 


MOV Rj, Ri 


@ Operation 


Rj > Ri 


@ Flag Change 
Ne | eZ.) V4; € 


N, Z, V, C: Unchanged. 


@ Classification 


Inter-register transfer instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


E205 PO) Oe Oe | de | Rj 
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FR81 Family 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


@ Execution Example 


8765 4321 


MOV R2, R3 ; Bit pattern of the instruction: 1000 1011 0010 0011 
R2 8765 4321 R2 
R3 XxX XX XXXX R3 


CM71-00105-1E 


Before execution 


FUJITSU MICROELECTRONICS LIMITED 


8765 4321 


After execution 


7.126 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


ates FR81 Family 


7.127 MOV (Move Word Data in Source Register to Destination 
Register) 


Moves the word data in dedicated register Rs to general-purpose register Ri. 


@ Assembler Format 


MOV Rs, Ri 


@ Operation 


Rs > Ri 


If the number of a non-existent dedicated register is given as Rs, undefined data will be transferred. 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Inter-Register Transfer instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB LSB 
1 0 1 1 0 1 1 1 Rs Ri 
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FR81 Family 


@ Execution Example 


MOV MDL, R3 


R3 


X XXX XXX X 


MDL 


8765 4321 


CM71-00105-1E 


Before execution 


; Bit pattern of the instruction: 1011 0111 0101 0011 


R3 


MDL 


FUJITSU MICROELECTRONICS LIMITED 


8765 4321 


8765 4321 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.128 FR81 Family 


7.128 MOV (Move Word Data in Program Status Register to 
Destination Register) 


Moves the word data in the program status (PS) to general-purpose register Ri. 


@ Assembler Format 


MOV PS, Ri 


@ Operation 


PS > Ri 


@ Flag Change 
Ne} eZ hi -V-1f -€ 


N, Z, V, C: Unchanged. 


@ Classification 


Inter-Register Transfer instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB LSB 
0 0 0 1 0 1 1 1 0 0 0 1 Ri 
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FR81 Family 


@ Execution Example 


MOV PS, R3 


; Bit pattern of the instruction: 0001 0111 0001 0011 


R3 


X XXX X XX X 


PS 


FFF8 F8CO 


CM71-00105-1E 


Before execution 
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R3 


PS 


FFF8F8CO 


FFF8 F8&CO 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.129 


FR81 Family 


7.129 MOV (Move Word Data in Source Register to Destination 
Register) 


Moves the word data of general-purpose register Ri to dedicated register Rs. 


@ Assembler Format 


MOV Ri, Rs 


@ Operation 


Ri > Rs 


If TBR, SSP, or ESR is specified in user mode or if a number without a dedicated register is specified for 
"RS", it generates an invalid instruction exception (system-only register access). 


There is no restriction in privilege mode. If the number of a non-existent register is given as parameter Rs 
in privilege mode, the read value Ri will be ignored. 


@ Flag Change 


N 


Zi|ViC 


N, Z, V, C: Unchanged. 


@ Classification 


Inter-Register Transfer instruction, Instruction with delay slot, FR81 updating 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB LSB 


1 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.129 


@ EIT Occurrence and Detection 


User mode: 


An invalid instruction exception (system-only register access) is generated and an interrupt is detected. 
Privilege mode: 


An interrupt is detected. 


@ Execution Example 


MOV R3, MDL ; Bit pattern of the instruction: 1011 00110101 0011 


R3 | 3765 4321 R3 8765 4321 
—> 

MDL | x x x x X X X X MDL 8765 4321 

Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.130 


FR81 Family 


7.130 MOV (Move Word Data in Source Register to Program 
Status Register) 


Stores the word data of general-purpose register Ri to program status (PS). 


342 


@ Assembler Format 


MOV Ri, PS 


@ Operation 


Ri— PS 


The contents of system status register (SSR) cannot be changed by this instruction regardless of the 
selected operation mode. If this instruction is executed in user mode, only the D1, DO, N, Z, V, and C flags 
can be changed. The other flag values are not updated. Any bit other than SSR can be changed in privilege 
mode. 


At the time this instruction is executed, if the value of the interrupt level mask register (ILM) is in the range 
16 to 31, only new ILM settings between 16 and 31 can be entered. If data in the range 0 to 15 is loaded 
from Ri, the value +16 is transferred to the ILM. If the original ILM value is in the range 0 to 15, then any 
value from 0 to 31 can be transferred to the ILM. 


@ Flag Change 


N 


Z\|VIC 


C 


C}CI]C 


N, Z, V, C: Data from Ri is transferred. 


@ Classification 


Inter-Register Transfer instruction, Instruction with delay slot, FR81 updating 


@ Execution Cycles 


1 cycle 
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FR81 Family 


@ Instruction Format 


MSB 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


LSB 


0 0 0 


@ EIT Occurrence and Detection 


An interrupt is detected. 


@ Execution Example 


MOV R3, PS 


R3 


PS 


CM71-00105-1E 


; Bit pattern of the instruction: 0000 0111 0001 0011 


FFF3 F8D5 


XX XX XX XX 


Before execution 
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R3 


PS 


FFF3 F8D5 


FFF3 F8D5 


After execution 
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ea FR81 Family 

7.131 MOV (Move Word Data in General Purpose Register to 
Floating Point Register) 


The value in Rj is transferred to FRi. 


@ Assembler Format 


MOV Rj, FRi 


@ Operation 


Rj > FRi 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
m+0)} 0] 0]o0/0]/o0]1]/1)/1]o/;/o0)/1 41 Rj 


(n+2) : é : FRi 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error) or an interrupt is detected. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.132 


7.132 MOV (Move Word Data in Floating Point Register to 
General Purpose Register) 


The value in FRi is transferred to Rj. 


@ Assembler Format 


MOV FRi, Rj 


@ Operation 


FRi > Rj 


@ Classification 


Single-precision floating point instruction, FR81 family 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
m+0)} 0]0]o/1]/o0]1]/1)/1]o0/;/o0)]1 41 Rj 


(n+2) : é : FRi 


@ EIT Occurrence and Detection 


An invalid instruction exception (FPU absence error) or an interrupt is detected. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.133 FR81 Family 
7.133 MUL (Multiply Word Data) 


Multiplies the word data in Rj by the word data in Ri as signed numbers, and stores the 
resulting signed 64-bit data with the higher word in the multiplication/division register 
(MDH), and the lower word in the multiplication/division register (MDL). 


@ Assembler Format 


MUL. Rj, Ri 


@ Operation 
Ri x Rj —~ MDH, MDL 


@ Flag Change 


N{IZ{|V{IC 
C{[|C{[CI- 
N: Set when the MSB of the "MDL" of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 
V: Cleared when the operation result is in the range -2147483648 to 2147483647, cleared otherwise. 


C: Unchanged. 


@ Classification 


Multiply/Divide Instruction 


@ Execution Cycles 


5 cycles 


@ Instruction Format 


MSB 
1 0 1 0 1 1 1 1 Rj Ri 
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FR81 Family 


@ Execution Example 


MUL R2, R3 


CM71-00105-1E 


R2 
R3 


MDH 
MDL 


CCR 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


; Bit pattern of the instruction: 1010 1111 00100011 


0000 0002 


8000 0001 


X XXX XX XX 


X XXX XX XX 


NZVC 


0000 


Before execution 
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R2 
R3 


MDH 
MDL 


CCR 


0000 0002 


8000 0001 


FFFFFFFF 


0000 0002 


NZVC 


0010 


After execution 


7.133 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


ve FR81 Family 
7.134 MULH (Multiply Halfword Data) 


Multiplies the half-word data in the lower 16 bits of Rj by the half-word data in the lower 
16 bits of Ri as signed numbers, and stores the resulting signed 32-bit data in the 
multiplication/division register (MDL). The multiplication/division register (MDH) is 


undefined. 


@ Assembler Format 


MULH Rj, Ri 


@ Operation 
Ri x Rj — MDL 


@ Flag Change 


N/|Z/|V{C 
C|C} - - 
N: Set when the MSB of the MDL of the operation result is "1", cleared when the MSB is "0". 


Z: Set when MDL of the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


@ Classification 


Multiply/Divide Instruction 


@ Execution Cycles 


3 cycles 


@ Instruction Format 


MSB 
1 0 1 1 1 1 1 1 Rj Ri 


LSB 
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FR81 Family 


@ Execution Example 


MULH_ R2, R3 
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R2 
R3 


MDH 
MDL 


CCR 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


; Bit pattern of the instruction: 1011 1111 0010 0011 


FEDCBAQ98 


0123 4567 


X XXX XXX X 


X XXX XX XX 


NZVC 


0000 


Before execution 
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R2 
R3 


MDH 
MDL 


CCR 


FEDCBAQ8 


0123 4567 


X XXX XXX X 


ED2F0B28 


NZVC 


1000 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.135 FR81 Family 
7.135 MULU (Multiply Unsigned Word Data) 


Multiplies the word data in Rj by the word data in Ri as unsigned numbers and stores 
the resulting unsigned 64-bit data with the higher word in the multiplication/division 
register (MDH), and the lower word in the multiplication/division register (MDL). 


@ Assembler Format 


MULU Rj, Ri 


@ Operation 
Ri x Rj —~ MDH, MDL 


@ Flag Change 


N/Z/iV/iC 
C}/C}C] - 
N: Set when the MSB of the MDL of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the MDL of the operation result is zero, cleared otherwise. 


V: Cleared when the operation result is in the range 0 to 4294967295, set otherwise. 


C: Unchanged. 


@ Classification 


Multiply/Divide Instruction 


@ Execution Cycles 


5 cycles 


@ Instruction Format 


MSB 
1 0 1 0 1 0 1 1 Rj Ri 
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FR81 Family 


@ Execution Example 


MULU R2, R3 
R2 0000 0002 
R3 8000 0001 
MDH |xxxx xXXxx 
MDL |X xXX xXXxXxX 
NZVC 
CCR 0000 


CM71-00105-1E 


Before execution 


FUJITSU MICROELECTRONICS LIMITED 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


R2 
R3 


MDH 
MDL 


CCR 


; Bit pattern of the instruction: 1010 1011 0010 0011 


0000 0002 


8000 0001 


0000 0001 


0000 0002 


NZVC 


0010 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.136 FR81 Family 
7.136 MULUH (Multiply Unsigned Halfword Data) 


Multiplies the half-word data in the lower 16 bits of Rj by the half-word data in the lower 
16 bits of Ri as unsigned numbers, and stores the resulting unsigned 32-bit data in the 
multiplication/division register (MDL). The multiplication/division register (MDH) is 


undefined. 


@ Assembler Format 


MULUH Rj, Ri 


@ Operation 
Ri x Rj — MDL 


@ Flag Change 


N/|Z/|V{C 
C|C} - - 
N: Set when the MSB of the MDL of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the MDL of the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


@ Classification 


Multiply/Divide Instruction 


@ Execution Cycles 


3 cycles 


@ Instruction Format 


MSB 
1 0 1 1 1 0 1 1 Rj Ri 


LSB 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.136 


@ Execution Example 


MULUH R2,R3 _ ; Bit pattern of the instruction: 1011 1011 0010 0011 


R2 FEDCBAQ98 R2 FEDCBAQ98 
R3 0123 4567 R3 0123 4567 
—> 
MDH | X XXX XXXxX MDH XX XX XX XX 
MDL XXXX XX XX MDL 3296 0B28 

NZVC NZVC 
CCR 0000 CCR 0000 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.137 


7.137 NOP (No Operation) 


FR81 Family 


This instruction performs no operation. 


@ Assembler Format 


NOP 


@ Operation 


No operation 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Other instructions, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


LSB 


1 0 0 1 1 1 1 1 1 0 1 0 0 
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FR81 Family 


@ Execution Example 


NOP 


PC 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


; Bit pattern of the instruction: 1001 1111 1010 0000 


8343 834A 


Before execution 
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—> 


PC 


8343 834C 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.138 FR81 Family 


7.138 OR (Or Word Data of Source Register to Data in Memory) 


Takes the logical OR of the word data at memory address Ri and the word data in Rj, 
stores the results to the memory address corresponding to Ri. 


@ Assembler Format 


OR Rj,@Ri 


@ Operation 
(Ri) | Rj > (Ri) 


@ Flag Change 


N/|Z/|Vj{C 
C|C} - - 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


@ Classification 
Logical Calculation instruction, Read/Modify/Write type instruction 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
LSB 


MSB 
1 0 0 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.138 


@ Execution Example 


OR R2,@R3 ; Bit pattern of the instruction: 1001 0100 0010 0011 

R2 |1111 0000 ne lt OO 00 
R3 1234 5678 R3 1234 5678 

Memor Memor 

y —_» y 
12345678 1010410410 12345678 11111010 

1234567C 1234567C 

NZVC NZVC 
CCR 0000 CCR 0000 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.139 


FR81 Family 


7.139 OR (Or Word Data of Source Register to Destination 
Register) 


Takes the logical OR of the word data in Ri and the word data in Rj, stores the results to 


Ri. 


@ Assembler Format 


@ Op 


@ Flag Change 


OR Rj, Ri 


eration 


Ri| Rj > Ri 


N 


Z 


Vv 


C 


C 


C 


@ Classification 


Logical Calculation instruction, Instruction with delay slot 


@ Execution Cycles 


@ Instruction Format 


N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 
Z: Set when the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


1 cycle 


MSB 


LSB 


1 0 


Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
FR81 Family 7.139 
@ Execution Example 


OR R2,R3 ; Bit pattern of the instruction: 1001 0010 0010 0011 
R2 1111 0000 R2 11110000 
R3 101031010 R3 11111010 
NZVC , NZVC 
CCR 0000 CCR 0000 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.140 FR81 Family 


7.140 ORB (Or Byte Data of Source Register to Data in Memory) 


Takes the logical OR of the byte data at memory address Ri and the byte data in Rij, 
stores the results to the memory address corresponding to Ri. 


@ Assembler Format 


ORB Rj,@Ri 


@ Operation 
(Ri) | Rj > (Ri) 


@ Flag Change 


N/|Z/ Vic 
C/}C] - - 
N: Set when the MSB(bit7) of the operation result is "1", cleared when the MSB(bit7) is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


@ Classification 
Logical Calculation instruction, Read/Modify/Write type instruction 


@ Execution Cycles 


1+2a cycles 


@ Instruction Format 
LSB 


MSB 
1 0 0 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.140 


@ Execution Example 


ORB R2,@R3 ; Bit pattern of the instruction: 1001 0110 0010 0011 

R2 0000 0011 R2 0000 0011 
R3 1234 5678 R3 1234 5678 

Memor Memor 
y be y 

12345678 12345678 11 

12345679 12345679 

NZVC NZVC 
CCR 0000 CCR 0000 

Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


or FR81 Family 
7.141 ORCCR (Or Condition Code Register and Immediate Data) 


Takes the logical OR of the byte data in the condition code register (CCR) and the 
immediate data, and returns the results in to the CCR. 


@ Assembler Format 


ORCCR #u8 


@ Operation 


User mode: 
CCR | (u8 & CF) — CCR 
Privilege mode: 


CCR | u8 > CCR 


In user mode, a request to rewrite the stack flag (S) or the interrupt enable flag (I) is ignored. The S and I 
flags can only be changed in privilege mode. 


@ Flag Change 


S}|ITI}|N{|ZI|V4IC 
CIC} C;}C]yC]C 


S, I, N, Z, V, C: Varies according to results of calculation. 


@ Classification 


Other instructions, Instruction with delay slot, FR81 updating 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB LSB 
1 0 0 1 0 0 1 1 u8 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.141 


@ EIT Occurrence and Detection 


An interrupt is detected (the value of I flag after instruction execution is used). 


@ Execution Example 


ORCCR #10H ; Bit pattern of the instruction: 1001 0011 0001 0000 


SINZVC SINZVC 
CCR ro 6 a | —> CCR 010101 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.142 


FR81 Family 


7.142 ORH (Or Halfword Data of Source Register to Data in 
Memory) 


Takes the logical OR if the half-word data at memory address Ri and the half-word data 


in Rj, stores the results to the memory address corresponding to Ri. 


@ Assembler Format 


ORH Rj, @Ri 


@ Operation 


@ Flag Change 


(Ri) | Rj > (Ri) 


N 


Z 


Vv 


C 


C 


C 


@ Classification 


Logical Calculation instruction, Read/Modify/Write type instruction 


@ Execution Cycles 


@ Instruction Format 


N: Set when the MSB(bit15) of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 


V, C: Unchanged. 


1+2a cycles 


MSB 


LSB 


1 0 


Ri 
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FR81 Family 


@ Execution Example 


ORH R2,@R3 


R2 0000 1100 


R3 1234 5678 


12345678 
1234567A 


CCR 


Memory 


1010 


NZVC 


0000 


Before execution 


CM71-00105-1E 


; Bit pattern of the instruction: 1001 0101 0010 0011 


R2 0000 


1100 


R3 1234 


5678 


12345678 
1234567A 


CCR 


Memory 


1110 


NZVC 


0000 


After execution 
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7.142 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


as FR81 Family 
7.143 RET (Return from Subroutine) 


This is a branching instruction without a delay slot. Branches to the address indicated 
by the return pointer(RP). Used for return from Subroutine. 


@ Assembler Format 


RET 


@ Operation 


RP — PC 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Non-Delayed Branching instruction 


@ Execution Cycles 


2 cycles 


@ Instruction Format 
MSB LSB 
1 0 0 1 0 1 1 1 0 0 1 0 0 0 0 0 
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FR81 Family 


@ Execution Example 


RET 


PC 


RP 


CM71-00105-1E 


; Bit pattern of the instruction: 1001 0111 0010 0000 


FFFO 8820 


8000 AE 86 


Before execution 


PC 


RP 


FUJITSU MICROELECTRONICS LIMITED 


8000 AE86 


8000 AE86 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


as FR81 Family 
7.144 RET:D (Return from Subroutine) 


This is a branching instruction with a delay slot. Branches to the address indicated by 
the return pointer (RP). Used for return from Subroutine. 


@ Assembler Format 


RET:D 


@ Operation 
RP > PC 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Delayed Branching instruction 


@ Execution Cycles 


1 cycle 


@ Instruction Format 
MSB LSB 
1 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 
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FR81 Family 


@ Execution Example 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


RET:D ; Bit pattern of the instruction: 1001 1111 0010 0000 
MOV RO,RI ; Instruction placed in delay slot 

RO 00112233 RO 

R1 xx xk KXxKX R1 

PC | FFFO 8820 —> PC 

RP 8000 AE 86 RP 


Before execution of RET instruction 


0011 


2233 


0011 


2233 


8000 


AE86 


8000 


AE86 


After branching 


7.144 


The instruction placed in delay slot will be executed before execution of the branch destination instruction. 


The value of RI above will vary according to the specifications of the MOV instruction placed in the delay 


slot. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


ees FR81 Family 
7.145 RETI (Return from Interrupt) 


Loads data from the stack indicated by system stack pointer (SSP), to the program 
counter (PC) and program status (PS), and retakes control from the EIT operation 
handler. 


@ Assembler Format 


RETI 


@ Operation 


¢ Normal operation state 
(SSP) — PC 
SSP+4 — SSP 
(SSP) — PS 
SSP+4 — SSP 
¢ Debug state 
PC save register (PCSR) — PC 
PS save register (PSSR) — PS 


(PC) instruction execution 


This is a privilege instruction, which is only available in privilege mode. If this instruction is executed in 
user mode, it generates an invalid instruction exception (privilege instruction execution). 


Operation varies depending on whether this instruction is executed in the normal operation state or debug 
state. If this instruction is executed in the debug state, the DSU register is used instead of a stack, and the 
acceptance of interrupts is withheld until the next instruction execution is completed. This, therefore, 
executes one instruction necessarily after the RETI instruction was executed in the debug state. 


At the time this instruction is executed, if the value of the interrupt level mask register (ILM) is in the range 
16 to 31, only new ILM settings between 16 and 31 can be entered. If data in the range 0 to 15 is loaded in 
memory, the value 16 will be added to that data before being transferred to the ILM. If the original ILM 
value is in the range 0 to 15, then any value between 0 and 31 can be transferred to the ILM. 


@ Flag Change 


S}|I}|N{|ZI|VIC 
Ci}C}/C}C];C]C 


D2, D1,S,1, N, Z, V, C: Change according to the values retrieved from the stack. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.145 


@ Classification 


Non-Delayed Branching instruction, FR81 updating 


@ Execution Cycles 


1+2b cycles 


@ Instruction Format 


MSB LSB 
1 0 0 1 0 1 1 1 0 0 1 1 0 0 0 0 


@ EIT Occurrence and Detection 


User mode: 


An invalid instruction exception (privilege instruction execution) is generated. 


Privilege mode: 


A data access protection violation exception, an invalid instruction exception (data access error), or an 
interrupt is detected. The interrupt level is judged using the value returned from the stack. 


Debug state: 
EIT is not accepted. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.145 


372 


@ Execution Example 


RETI 


R15 
SSP 
USP 
PC 
PS 


ILM 


CCR 


7FFFFFF8 
7FFFFFFC 
80000000 


; Bit pattern of the instruction: 1001 0111 0011 0000 


7FFF 


FFF8 


7FFF 


FFF8 


4000 


0000 


FFOO 


90BC 


FFFO 


F8D4 


{ 


0000 


SINZVC 


0 1 


0100 


Memory 


8088 


8088 


FFF3 


xX X X X 


F8F1 


xX X X X 


Before execution 


R15 


SSP 


USP 


CCR 


7FFFFFF8 
7FFFFFFC 
80000000 
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FR81 Family 


4000 0000| 


8000 000 0 | 


4000 000 0| 


8088 808 8| 


FFF3 F8F1| 


SINZVC 


110001 


Memory 


8088 8088 


FFF3F8F1 


xX XX X XX X X 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 
7.146 SRCHO (Search First Zero bit position distance From MSB) 


7.146 


This is a "0" search instruction used for bit searching. Takes a comparison of word 
data in Ri from MSB (bit31) and "0", stores the distance in Ri from the first "0" that is 
found and bit MSB (bit31). 


@ Assembler Format 


SRCHO Ri 


@ Operation 


search_zero(Ri) > Ri 


If "0" bit is not found (in case all word data of Riis "1" bit), 32 is stored in Ri. In case MSB(bit31) is "0", 
zero is stored in Ri and 31 is stored in Ri when LSB (bit0) is "0" and other bits are "1". 


The Ri bit pattern before execution of instruction its relation with the values stored in Ri is shown in Table 


7.146-1. 


Table 7.146-1 Input pattern of SRCHO instruction and its results 


Input (Ri bit pattern before execution of instruction) Result Remarks 
11211111_11111111_11111111_11111111 32 Not found 
OxxXXXXXX_XXXXXXXX_XXXXXXXX_XXXXXXXX 0 MSB(bit31) was "1" 
1OXXXXXX_XXXXXXXX_XXXXXXXX_XXXXXXXX 1 
110xxxxx_XXXXXXXX_XXXXXXXX_XXXXXXXX 2 
1110xxxx_xXxxXXXXX_XXXXXXXX_XXXXXXXX 3 
11111111_11111111_11111111_11110xxx 28 
11111111_11111111_11111111_111110xx 29 
11111111_11111111_11111111_1111110x 30 
11111111_11111111_11111111_11111110 31 Only LSB(bit0) was "0" 


@ Flag Change 


N 


Zi/|ViC 
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N, Z, V, C: Unchanged. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.146 


@ Classification 


Bit Search instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


FR81 Family 


1 0 0 1 0 1 


@ Execution Example 


SRCHO R2 ; Bit pattern of the instruction: 1001 0111 1100 0010 


R2 FC345678 


Before execution 


—> 


R2 


00000006 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 


7.147 


7.147 SRCH1 (Search First One bit position distance From MSB) 


This is a "1" search instruction used for bit searching. Takes a comparison of word 
data in Ri from MSB (bit31) and "1", stores the distance in Ri from the first "1" that is 


found and bit MSB(bit31). 


@ Assembler Format 


SRCHI1 Ri 


@ Operation 


search_one(Ri) > Ri 


If "1" bit is not found (in case all word data of Ri is "0" bit), 32 is stored in Ri. In case MSB(bit31) is "1", 
zero is stored in Ri and 31 is stored in Ri when LSB (bitO0) is "1" and other bits are "0". 


The Ri bit pattern before execution of instruction its relation with the values stored in Ri is shown in Table 


7147-1. 


Table 7.147-1 Input bit pattern of SRCH1 instruction and its results 


Input (Ri bit pattern before execution of the instruction) Results Remarks 
00000000_00000000_00000000_00000000 32 Not found 
1XXXXXXX_XXXXXXXX_XXXXXXXX_XXXXXXXX 0 MSB(bit31) was "0" 
O1xxXxXxxXX_XXXXXXXX_XXXXXXXX_XXXXXXXX 1 
OO1xxxxx_XXXXXXXX_XXXXXXXX_XXXXXXXX 2 
O0001xxxx_XXXXXXXX_XXXXXXXX_XXXXXXXX 3 
00000000_00000000_00000000_00001xxx 28 
00000000_00000000_00000000_000001xx 29 
00000000_00000000_00000000_0000001x 30 
00000000_00000000_00000000_00000001 31 Only LSB(bit0) was "0" 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.147 


@ Classification 


Bit Search instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


FR81 Family 


1 0 0 


@ Execution Example 


SRCHO R2 


R2 


00345678 


376 


Before execution 


— > 


R2 


; Bit pattern of the instruction: 1001 0111 1101 0010 


O0O00000A 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.148 
7.148 SRCHC (Search First bit value change position distance 
From MSB) 


This is a Change point search instruction used for bit searching. Takes a comparison 
of data in Ri with MSB (bit31), stores in Ri the distance from the first varying bit value 
that is found and bit MSB (bit31). 


@ Assembler Format 


SRCHC Ri 


@ Operation 


search_change(Ri) > Ri 


If the values of all bits are the same, 32 is stored in Ri. In case the values of MSB (bit31) the adjacent bit30 
is different, 1 is stored in Ri and 31 is stored in Ri when only the value of LSB (bit0) is different. 


The Ri bit pattern before execution of instruction its relation with the values stored in Ri is shown in Table 
7.148-1. 


Table 7.148-1 Input bit pattern of SRCHC instruction and its results 


Input (Ri bit pattern before execution of instruction) Results Remarks 
00000000_00000000_00000000_00000000 32 Noiound 
11111111_11111111_11111111_11111111 
O1xxxxxxX_XXXXXXXX_XXXXXXXX_XXXXXXXX 1 Difference between bit value of 
1OxxxxxX_XXXXXXXX_XXXXXXXX_XXXXXXXX MSB(bit31) and bit30 
OO1xxxxx_XXXXXXXX_XXXXXXXX_XXXXXXXX > 
110xxxxx_XXXXXXXX_XXXXXXXX_XXXXXXXX 
O001xxxx_xXxXXXXXXX_XXXXXXXX_XXXXXXXX 3 
1110xxxx_xxxXXXXX_XXXXXXXX_XXXXXXXX 
OOO01xxx_xxxXXXXX_XXXXXXXX_XXXXXXXX 4 
11110xxx_xxxxXXXxX_XXXXXXXX_XXXXXXXX 
00000000_00000000_00000000_00001xxx 28 
11111111_11111111_11111111_11110xxx 
00000000_00000000_00000000_000001 xx 29 
11111111_11111111_11111111_111110xx 
00000000_00000000_00000000_0000001x 30 
11111111_11111111_11111111_1111110x 
00000000_00000000_00000000_00000001 31 Bit value of only LSB(bit0) is 
11111111_11111111_11111111_11111110 different 


* The value of result (Ri) can not become 0. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.148 


@ Flag Change 


N |Z 


Vv 


N, Z, V, C: Unchanged. 


@ Classification 


Bit Search instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


FR81 Family 


1 0 


@ Execution Example 


SRCHC R2 


R2 


378 


FF345678 


Before execution 


—> 


R2 


; Bit pattern of the instruction: 1001 0111 11100010 


00000008 


After execution 


FUJITSU MICROELECTRONICS LIMITED 


CM71-00105-1E 


FR81 Family 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.149 ST (Store Word Data in Register to Memory) 


7.149 


Loads word data in Ri to memory address Rj. 


@ Assembler Format 


ST Ri,@Rj 


@ Operation 


Ri > (Rj) 


@ Flag Change 


N 


Z 


Vv 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB 


0 


Rj 


CM71-00105-1E 
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ee FR81 Family 


@ Execution Example 


ST R3,@R2 ; Bit pattern of the instruction: 0001 0100 0010 0011 
R2 1234 5678 R2 1234 5678 
R3 8765 4321 R3 8765 4321 
Memory Memory 
[ht ——_> oe 
12345678 Xx XXX XXXX 12345678 8765 4321 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.150 
7.150 ST (Store Word Data in Register to Memory) 


Loads the word data in Ri to memory address R13 + Rj. 


@ Assembler Format 


ST Ri,@(R13, Rj) 


@ Operation 


Ri > (R13+Rj) 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
0 0 0 1 0 0 0 0 Rj Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.150 


@ Execution Example 


ST R3,@(R13, R2) 


R2 
R3 


R13 


12345678 
1234567C 


382 


0000 0004 


8765 4321 


1234 5678 


Memory 


X XXX X XX X 


Before execution 


R13 


12345678 
1234567C 


FUJITSU MICROELECTRONICS LIMITED 


FR81 Family 


; Bit pattern of the instruction: 0001 0000 0010 0011 


0000 0004 


8765 4321 


1234 5678 


Memory 


8765 4321 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.151 
7.151 ST (Store Word Data in Register to Memory) 


Loads the word data in Ri to memory address R14 + 08 x 4. The value 08 is a signed 
calculation. The value of 08 x 4 is specified in disp10. 


@ Assembler Format 


ST Ri,@(R14, disp10) 


@ Operation 


Ri > (R14+08 x 4) 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
0 0 1 1 08 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


aol FR81 Family 


@ Execution Example 


ST R3,@(R14,4) _ ; Bit pattern of the instruction: 0011 0000 0001 0011 


R3 8765 4321 R3 8765 4321 
R14 1234 5678 R14 1234 5678 
12345678 Memory 12345678 Memory 
1234567C X XXX XXXX 1234567C 8765 4321 
Before execution After execution 
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FR81 Family 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.152 ST (Store Word Data in Register to Memory) 


7.152 


Loads the word data in Ri to memory address R15 + u4 x 4. The value u4 is an unsigned 
calculation. The value of u4 x 4 is specified in udisp6. 


@ Assembler Format 


ST Ri,@(R15, udisp6) 


@ Operation 


Ri > (R15+04 x 4) 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB 


LSB 


0 0 0 1 


CM71-00105-1E 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.152 


@ Execution Example 


ST R3,@(R15,4) _ ; Bit pattern of the instruction: 0001 0011 0001 0011 


R3 8765 4321 R3 
—» 

R15 1234 5678 R15 

12345678 Memory 12345678 

1234567C Xx XXX XXXX 1234567C 


Before execution 
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FR81 Family 


8765 4321 


1234 5678 


Memory 


8765 4321 


After execution 
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FR81 Family 7.153 
7.153 ST (Store Word Data in Register to Memory) 


Subtracts 4 from the value of R15, stores the word data in Ri to the memory address 
indicated by the new value of R15. If R15 is given as the parameter Ri, the data transfer 
will use the value of R15 before subtraction. 


@ Assembler Format 


ST Ri,@-RI5 


@ Operation 


RI5-4—RI15 
Ri > (R15) 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
0 0 0 1 0 1 1 1 0 0 0 0 Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.153 


FR81 Family 


@ Execution Example 


ST R3,@-RI15 ; Bit pattern of the instruction: 0001 0111 0000 0011 
R3 8765 4321 R3 8765 4321 
—> 
R15 1234 5678 R15 1234 5674 
Memory Memory 
12345674 xX XXX XX XX 12345674 8765 4321 
12345678 12345678 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.154 
7.154 ST (Store Word Data in Register to Memory) 


Loads the word data in Ri to memory address BP+u16 x 4. Unsigned u16 value is 
calculated. The value in u16 x 4 is specified as udisp18. 


@ Assembler Format 


ST Ri, @(BP, udisp18) 


@ Operation 


Ri > (BP+ul6 x 4) 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
(n+0) 0 0 0 1 0 1 1 1 0 1 0 0 Ri 


(n+2) ul6 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (data access error), or an 


interrupt is detected. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.155 FR81 Family 
7.155 ST (Store Word Data in Register to Memory) 


Subtracts 4 from the value R15, stores the word data in dedicated register Rs to the 
memory address indicated by the new value of R15. 


@ Assembler Format 


ST Rs,@-R15 


@ Operation 


R15-4>RI5 
Rs > (RIS5) 


If the number of a non-existent dedicated register is specified in parameter Rs, the read value will be 
ignored. 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB LSB 
0 0 0 1 0 1 1 1 1 0 0 0 Rs 
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FR81 Family 


@ Execution Example 


ST MDH,@-RI5 


R15 


MDH 


12345670 
12345674 


CM71-00105-1E 


1234 5678 


8765 4321 


Memory 


X XXX XX X X 


Before execution 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


; Bit pattern of the instruction: 0001 0111 1000 0100 


R15 


MDH 


12345670 
12345674 
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1234 5674 


8765 4321 


Memory 


8765 4321 


After execution 


7.155 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.156 


Memory) 


FR81 Family 
7.156 ST (Store Word Data in Program Status Register to 


Subtracts 4 from the value of R15, stores the word data in the program status (PS) to 
the memory address indicated by the new value of R15. 


@ Assembler Format 


ST PS,@-R15 


@ Operation 


R15-4>RI5 
PS > (R15) 


@ Flag Change 


N 


Z 


Vv 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB 


LSB 


0 


392 
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CM71-00105-1E 


FR81 Family 


@ Execution Example 


ST PS,@-R15 


R15 


PS 


12345670 
12345674 


CM71-00105-1E 


; Bit pattern of the instruction: 0001 0111 1001 0000 


1234 5678 


FFF8 F8CO 


Memory 


X XXX XX X X 


Before execution 


R15 


PS 


12345670 
12345674 


FUJITSU MICROELECTRONICS LIMITED 


1234 5674 


FFF8 F8&8CO 


Memory 


FFF8 F8CO 


After execution 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.157 


FR81 Family 


7.157 STB (Store Byte Data in Register to Memory) 


Stores the byte data in Ri to memory address Rij. 


@ Assembler Format 


STB Ri,@Rj 


@ Operation 


Ri > (Rj) 


@ Flag Change 


N 


Z 


Vv 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB 


0 


394 
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FR81 Family 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


@ Execution Example 


STB R3,@R2 


R2 
R3 


CM71-00105-1E 


1234 5678 R2 
0000 0021 R3 


Memory 


12345678 X X 


Before execution 


FUJITSU MICROELECTRONICS LIMITED 


; Bit pattern of the instruction: 0001 0110 0010 0011 


1234 5678 


0000 0021 


Memory 
12345678 2 1 
After execution 


7.157 


395 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.158 


FR81 Family 


7.158 STB (Store Byte Data in Register to Memory) 


Stores the byte data in Ri to memory address R13 + Rj. 


@ Assembler Format 


@ Operation 


@ Flag Change 


STB Ri,@(R13, Rj) 


Ri > (R13+Rj) 


N 


Z 


Vv 


@ Classification 


@ Execution Cycles 


@ Instruction Format 


N, Z, V, C: Unchanged. 


Memory Store instruction, Instruction with delay slot 


a cycle 


MSB 


0 


0 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.158 


@ Execution Example 


STB R3,@(R13, R2) ; Bit pattern of the instruction: 0001 0010 0010 0011 
R2 0000 0004 R2 0000 0004 
R3 0000 0021 > R3 0000 0021 
R13 1234 5678 R13 1234 5678 
1234567B Memory 1234567B Memory 
1234567C xX X 1234567C 21 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.159 


FR81 Family 


7.159 STB (Store Byte Data in Register to Memory) 


Stores the byte data in Ri to memory address R14 + 08. The value 08 is a signed 
calculation. The value of 08 is specified in disp8. 


@ Assembler Format 


STB Ri,@(R14, disp8) 


@ Operation 


Ri > (R14+08) 


@ Flag Change 


N 


Z 


Vv 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB 


0 


08 
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FR81 Family 


@ Execution Example 


STB R3,@(R14,1) ; Bit pattern of the instruction: 0111 0000 0001 0011 


R3 0000 0021 


R14 1234 5678 


12345678 Memory 


12345679 X X 


Before execution 


R3 0000 0021 


R14 1234 5678 


12345678 
12345679 


Memory 


21 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.160 FR81 Family 
7.160 STB (Store Byte Data in Register to Memory) 


Loads the byte data in Ri to memory address BP+u16. Unsigned u16 value is calculated. 
The value in u16 is specified as udisp16. 


@ Assembler Format 


STB Ri, @(BP, udisp16) 


@ Operation 


Ri > (BP+ul6) 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
(n+0) 0 0 0 1 0 1 1 0 0 1 1 0 Ri 


(n+2) ul6 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (data access error), or an 


interrupt is detected. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.161 
7.161 STH (Store Halfword Data in Register to Memory) 


Stores the half-word data in Ri to memory address Rj. 


@ Assembler Format 


STH Ri,@Rj 


@ Operation 


Ri > (Rj) 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
icone Ge iF ae leat Mat aoe ih Rj Ri 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.161 


@ Execution Example 


STH R3,@R2 


R2 
R3 


402 


1234 5678 


0000 4321 


Memory 


12345678 X X X X 


Before execution 


R2 
R3 


FR81 Family 


; Bit pattern of the instruction: 0001 0101 0010 0011 


1234 5678 


Memory 


0000 4321 


12345678 4321 


After execution 
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FR81 Family 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.162 STH (Store Halfword Data in Register to Memory) 


7.162 


Stores the half-word data in Ri to memory address R13 + Rj. 


@ Assembler Format 


STH Ri,@(R13, Rj) 


@ Operation 


Ri > (R13+Rj) 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB 


0 0 0 1 


Rj 


CM71-00105-1E 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 
7.162 


@ Execution Example 


STH R3,@(R13, R2) ; Bit pattern of the instruction: 0001 0001 0010 0011 


R2 0000 0004 
R3 0000 4321 


R13 1234 5678 


1234567A Memory 
1234567C X X X X 


Before execution 


FR81 Family 


R2 0000 0004 


R3 0000 4321 


R13 1234 5678 


1234567A 
1234567C 


Memory 


4321 


After execution 
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CM71-00105-1E 


FR81 Family 
7.163 STH (Store Halfword Data in Register to Memory) 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.163 


Stores the half-word data in Ri to memory address R14 + 08 x 2. The value of 08 x 2 is 
specified in disp9. 


@ Assembler Format 


STH Ri,@(R14, disp9) 


@ Operation 


Ri > (R14+08x2) 


@ Flag Change 


N 


Z 


Vv 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, Instruction with delay slot 


@ Execution Cycles 


a cycle 


@ Instruction Format 


MSB 


0 


08 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.163 FR81 Family 


@ Execution Example 


STH R3,@(R14,2) ; Bit pattern of the instruction: 0101 0000 0001 0011 
R3 0000 4321 R3 [| 0000 4321 
R14 1234 5678 R14 [1234 567 8 
12345678 Memory 12345678 Memory 
1234567A XX X X 1234567A 4321 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.164 
7.164 STH (Store Halfword Data in Register to Memory) 


Loads the half word data in Ri to memory address BP+u16 x 2. Unsigned u16 value is 
calculated. The value in u16 x 2 is specified as udisp17. 


@ Assembler Format 


STB Ri, @(BP, udisp17) 


@ Operation 


Ri > (BP+ul6 x 2) 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Memory Store instruction, FR81 family 


@ Execution Cycles 


a cycle 


@ Instruction Format 
MSB LSB 
@oy | 0°) 0°) Oo) ee a a tio) a) oat Ri 


(n+2) ul6 


@ EIT Occurrence and Detection 


A data access protection violation exception, an invalid instruction exception (data access error), or an 


interrupt is detected. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.165 FR81 Family 


7.165 STILM (Set Immediate Data to Interrupt Level Mask 
Register) 


Transfers the immediate data to the interrupt level mask register (ILM) in the program 
status (PS). 


@ Assembler Format 


STILM #u8 


@ Operation 


if ILM < 16) 
u8 > ILM 
else if (u8 < 16) 
u8+16 > ILM 
else 


u8 — ILM 


This is a privilege instruction, which is only available in privilege mode. If this instruction is executed in 
user mode, it causes an invalid instruction exception (privilege instruction execution). 


Only the lower 5 bits (bit4 to bit0) of the immediate data are valid. At the time this instruction is executed, 
if the value of the interrupt level mask register (ILM) is in the range 16 to 31, only new ILM settings 
between 16 and 31 can be entered. If the value u8 is in the range 0 to 15, the value 16 will be added to that 
data before being transferred to the ILM. If the original ILM value is in the range 0 to 15, then any value 
between 0 and 31 can be transferred to the ILM. 


@ Flag Change 
N;}|}Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Other instructions, Instruction with delay slot, FR81 updating 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.165 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB LSB 
1 0 0 0 0 1 1 1 u8 


@ EIT Occurrence and Detection 


User mode: 
Used to generate an invalid instruction exception (privilege instruction execution). 
Privilege mode: 


An interrupt is detected (ILM after instruction execution is used). 


@ Execution Example 


STILM #14H ; Bit pattern of the instruction: 1000 0111 0001 0100 
ILM 11111 ——»> ILM 10100 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.166 FR81 Family 
7.166 STMO (Store Multiple Registers) 


The STMO instruction stores the word data from multiple registers specified in reglist 
(from RO to R7) and repeats the operation of storing the result in address R15 after 
subtracting the value of 4 from R15. Registers are processed in ascending order. 


@ Assembler Format 


STMO (reglist) 


Registers from RO to R7 are separated by "," , arranged and specified in reglist. 


@ Operation 


The following operations are repeated according to the number of registers in reglist. 


R15-4 > RIS 
Ri > (R15) 


The bit values and register numbers for reglist (STMO) are shown in Table 7.166-1. 


Table 7.166-1 Bit values and register numbers for reglist (STMO) 


w 


Register 
RO 
R1 
R2 
R3 
R4 
R5 
R6 
R7 


SO] lw] WB] BI OH a) N 


@ Flag Change 
N;}|Z/|ViicC 


N, Z, V, C: Unchanged. 
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FR81 Family 


@ Classification 


Other instructions 


@ Execution Cycles 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.166 


If "n" is the number of registers specified in the parameter reglist, the execution cycles required are as 


follows. 


When n=0: | cycle 


Otherwise: a x n cycles 


@ Instruction Format 


MSB 


LSB 


1 0 0 0 


reglist 


@ Execution Example 


STMO (R2, R3) 


R2 
R3 


R15 


7FFFFFCO 
7FFFFFC4 
7FFFFFC8 


CM71-00105-1E 


; Bit pattern of the instruction: 1000 1110 0011 0000 


90BC9363 


8343 834A 


7FFFFFC8 


Memory 


xX XX X XX XK X 


xX XXX XX X X 


xX XX X XX XX 


Before execution 


R15 


7FFFFFCO 


7FFFFFC4 
7FFFFFC8 
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90BC9363 


8343 834A 


7FFFFFCO 


Memory 


90BC9363 


8343 834A 


xX XX X XX X X 


After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


oud FR81 Family 
7.167 STM1 (Store Multiple Registers) 


The STM1 instruction stores the word data from multiple registers specified in reglist 
(from R8 to R15) and repeats the operation of storing the result in address R15 after 
subtracting the value of 4 from R15. Registers are processed in ascending order. If R15 
is specified in the parameter reglist, the contents of R15 retained before the instruction 
is executed will be written to memory. 


@ Assembler Format 


STMI1 (reglist) 


wo 


Registers from RO to R7 are separated by "," , arranged and specified.in reglist. 


@ Operation 


The following operations are repeated according to the number of registers in reglist. 


R15-4 > RIS 
Ri > (R15) 


The bit values and register numbers for reglist (STM1) are shown in Table 7.167-1. 


Table 7.167-1 Bit values and register numbers for reglist (STM1) 


w 


Register 
R8 
R9 

R10 
Ril 
R12 
R13 
R14 
R15 


SO] Rd] w] BR) OH a) AN 


@ Flag Change 
N;}|Z/|ViicC 


N, Z, V, C: Unchanged. 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


FR81 Family 7.167 


@ Classification 


Other instructions 


@ Execution Cycles 


If "n" is the number of registers specified in the parameter reglist, the execution cycles required are as 


follows. 


When n=0: | cycle 


Otherwise: a x n cycles 


@ Instruction Format 
MSB LSB 
1 0 0 0 1 1 1 1 reglist 


@ Execution Example 


STM! (R10, R11, R12) — ; Bit pattern of the instruction: 1000 1111 0011 1000 


R10 BFE39E8BA R10 BFE3 9E8A 

R11 90BC9363 R11 90BC9368 
R12 8DF788E4 R12 8DF788E4 
R15 7 FFF FFCC R15 7FFF FFCO 

—> 
Memory Memory 

7FFFFFCO xX XX XXXxX 7FFFFFCO BFE39E8BA 
7FFFFFC4 xX XX X X X X X 7FFFFFC4 90BC9363 
7FFFFFC8 x XXX XX XX 7FFFFFC8 8DF788E4 
7FFFFFCC |x xX X X X X xX x 7FFFFFCG | X X X X X X X XxX 
Before execution After execution 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.168 FR81 Family 


7.168 SUB (Subtract Word Data in Source Register from 
Destination Register) 


Subtracts the word data in Rj from the word data in Ri, stores the results to Ri. 


@ Assembler Format 


SUB Rj, Ri 


@ Operation 
Ri- Rj > Ri 


@ Flag Change 


N/|Z/V/C 
C})/C}C]C 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is zero, cleared otherwise. 
V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 


C: Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Classification 


Add/Subtract instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 
1 0 1 0 1 1 0 0 Rj Ri 
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FR81 Family 


@ Execution Example 


CM71-00105-1E 


SUB R2,R3 


R2 
R3 


CCR 


CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


; Bit pattern of the instruction: 1010 1100 0010 0011 


1234 5678 


9999 9999 


NZVC 


0000 


Before execution 


R2 
R3 


CCR 


FUJITSU MICROELECTRONICS LIMITED 


1234 5678 


8765 4321 


NZVC 


1000 


After execution 


7.168 
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CHAPTER 7 DETAILED EXECUTION INSTRUCTIONS 


7.169 FR81 Family 


7.169 SUBC (Subtract Word Data in Source Register and Carry 
bit from Destination Register) 


Subtracts word data in Rj and carry flag (C) from Ri, stores the results to Ri. 


@ Assembler Format 


SUBC_ Rj, Ri 


@ Operation 
Ri-Rj-C—-> Ri 


@ Flag Change 


N/|Z/V/C 
C})/C}C]C 
N: Set when the MSB of the operation result is "1", cleared when the MSB is "0". 


Z: Set when the operation result is "0", cleared otherwise. 
V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 


C: Set when an borrow has occurred as a result of the operation, cleared otherwise. 


@ Classification 


Add/Subtract instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 
1 0 1 0 1 1 0 1 


Rj Ri 
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FR81 Family 7.169 
@ Execution Example 
SUBC  R2, R3 ; Bit pattern of the instruction: 1010 1101 0010 0011 

R2 1234 5678 R2 1234 5678 

R3 9999 9999 R3 8765 4320 

NZVC NZVC 

CCR 0001 CCR 1000 

Before execution After execution 
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7.170 


FR81 Family 


7.170 SUBN (Subtract Word Data in Source Register from 
Destination Register) 


Subtracts the word data in Rj from the word data in Ri, stores results to Ri without 


changing the flag settings. 


@ Assembler Format 


SUBN_ Rj, Ri 


@ Operation 


Ri- Rj > Ri 


@ Flag Change 
N;}|Z/ViicC 


N, Z, V, C: Unchanged. 


@ Classification 


Add/Subtract instruction, Instruction with delay slot 


@ Execution Cycles 


1 cycle 


@ Instruction Format 


MSB 


1 0 1 0 
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FR81 Family 


@ Execution Example 


SUBN R2,R3 


; Bit pattern of the instruction: 1010 1110 0010 0011 


R2 
R3 


1234 5678 


9999 9999 


CCR 


CM71-00105-1E 


NZVC 


0000 


Before execution 


R2 
R3 


CCR 
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1234 5678 


8765 4321 


NZVC 


0000 


After execution 
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Tn FR81 Family 
7.171 XCHB (Exchange Byte Data) 


Exchanges the contents of the byte address indicated by Rj and those indicated by Ri. 
The lower 8 bits of data originally at Ri are transferred to the byte address indicated by 
Rj and the data originally at Rj is extended with zeros and transferred to Ri. 


@ Assembler Format 


XCHB @Rj, Ri 


@ Operation 
Ri — TEMP 
extu((Rj)) > Ri 
TEMP > (Rj) 


@ Flag Change 
N;}|Z/VicC 


N, Z, V, C: Unchanged. 


@ Classification 


Other instructions, Read/Modify/Write type instruction 


@ Execution Cycles 


2a cycles 


@ Instruction Format 
MSB LSB 
1 0 0 0 1 0 1 0 Rj Ri 
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7.171 


FR81 Family 


@ Execution Example 


XCHB @RI,RO _ ; Bit pattern of the instruction: 1000 1010 0001 0000 


RO 0000 0078 RO 0000 O0OFD 
R1 8000 0002 R1 8000 0002 
Memory —_> Memory 
80000001 X X 80000001 X X 
80000002 FD 80000002 78 
80000003 ae 80000003 Met 


Before execution After execution 
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an FR81 Family 
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APPENDIX 


It includes Instruction Lists and Instruction Maps of 
FR81 Family. 


APPENDIX A Instruction Lists 
APPENDIX B Instruction Maps 


APPENDIX C Supplemental Explanation about FPU Exception 
Processing 
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APPENDIX A Instruction Lists 


FR81 Family 


It includes Instruction Lists of FR81 Family CPU. 


A.1 Meaning of Symbols 
A.2 Instruction Lists 


A.3 List of Instructions that can be positioned in the Delay Slot 
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A.1 Meaning of Symbols 


This section describes the meaning of symbols used in the Instruction Lists and 
Detailed Execution Instructions has been explained. 


A.1.1 Mnemonic and Operation Columns 


These are the symbols used in Mnemonic and Operation columns of Instruction Lists as well as assembler 
format of Detailed Execution Instructions and operation. 


id 


It is 4-bit immediate data. 0(0;;) to 15(Fy) in case of zero extension and -16(0}) to -1(Fy) in case of 


minus extension can be specified. 


Table A.1-1 zero extension and minus extension values of 4-bit immediate data 


Specified Value 


EP Ane Zero Extension Minus Extension 
0000, 0) -16 
0001, 1 -15 
0010, 2 -14 
1101, 13 -3 
1110, 14 -2 
1111p 15 -1 


i8 
8-bit immediate data, Range 0 (00) to 255 (FF) 


i120 
20-bit immediate data, Range 0 (00000) to 1,048,575 (FFFFF}) 


132 
32-bit immediate data, Range 0 (0000 0000};) to 4,294,967,295 (FFFF FFFF},) 


s8 
signed 8-bit immediate data, range -128 (80}) to 127 (7Fy) 


sl0 
signed 10-bit immediate data, range-512 (200};) to 508 (1FC})) in multiples of 4 
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u4 
unsigned 4-bit immediate data, range 0 (Oy) to 15 (Fy) 


u8 
unsigned 8-bit immediate data, range 0 (00) to 255 (FFy) 


ul 
unsigned 10-bit immediate data, range 0 (O00y) to 1020 (3FC}) in multiples of 4 


udisp6 
unsigned 6-bit address values, range 0 (00}) to 60 (3Cy) in multiples of 4 


udisp 16 
unsigned 16-bit address values, range 0 (0000};) to 65535 (FFFF}), range 0 (00004) to 65532 (FFFCy) 


in multiples of 4 


udisp17 
unsigned 17-bit address values, range 0 (00000;,) to 131070 (LFFFE}) in multiples of 2 


udisp18 
unsigned 18-bit address values, range 0 (00000};) to 262140 (3FFFC}) in multiples of 4 


disp8 
signed 6-bit address values, range -128(80};) to 127(7Fy) 


disp9 
signed 9-bit address values, range -256(100};) to 254(OFE}) in multiples of 2 


disp10 
signed 10-bit address values, range -512(200}) to 508(1FC})) in multiples of 4 


disp 16 
signed 16-bit address values, range -32768 (8000};) to 32764 (FFFC}) 


dir8 
Unsigned 8-bit address values, range 0 (004) to255 (FFy) 
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dir9 
unsigned 9-bit address values, range 0 (000;;) to 510 (1FE,) in multiples of 2 


dir10 
unsigned 10-bit address values, range 0 (000};) to 1020 (3FCy)in multiples of 4 


label9 
branch address, range 256 (100,) to 254 (OFE,) in multiples of 2 for the value of Program Counter 
(PC) +2 


label12 
branch address, range -2048 (800};) to 2046 (7FE};) in multiples of 2 for the value of Program Counter 
(PC) +2 


label17 


branch address, range -65536 (10000,) to 65534 (OFFFE}) in multiples of 2 for the value of Program 
Counter (PC) +2 


label21 
branch address, range -1048576 (100000,;) to 1048574(OFFFFE;;) in multiples of 2 for the value of 
Program Counter (PC) +2 


rel8 


signed 8-bit relative address. Result which is double the value of rel8 for the value of Program Counter 
(PC) +2 will denote the Branch Destination Address. Range 128 (80}) to 127 (7Fy) 


rell1 


signed 11-bit relative address. Result which is double the value of rell1 for the value of Program 
Counter (PC) +2 will denote the Branch Destination Address. Range -1024 (400) to 1023 (3FFy) 


rell6 


signed 16-bit relative address. Result which is double the value of rell6 for the value of Program 
Counter (PC) +2 will denote the Branch Destination Address. Range -32768 (8000,) to 32767 (7FFFy) 


rel20 


signed 20-bit relative address. Result which is double the value of rel20 for the value of Program 
Counter (PC) +2 will denote the Branch Destination Address. Range -524288 (80000};) to 524287 


(7FFFF,;) 
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Ri, Rj 


Indicates General-purpose Registers (RO to R15) 


Rs 


FR81 Family 


Table A.1-2 Specification of General-purpose register based on Rj/Ri 


Ri/ Rj | Register Ri/ Rj | Register 
0000 RO 1000 R8 
0001 RI 1001 R9 
0010 R2 1010 R10 
0011 R3 1011 R11 
0100 R4 1100 R12 
0101 R5 1101 R13 
0110 R6 1110 R14 
O111 R7 1111 R15 


Indicates Dedicated Registers (TBR, RP, USP, SSP, MDH, MDL, BP, FCR, ESR, DBR) 


Table A.1-3 Specification of Dedicated Register based on Rs 


Rs Register Rs Register 
0000 | Table Base Register (TBR) 1000 | Exception status register (ESR) 
0001 | Return Pointer (RP) 1001 
0010 | System Stack Pointer (SSP) 1010 
0011 Persia Pomten(USh) 1011 Resenved eoianbied) 
0100 | Multiplication/Division Register (MDH) 1100 
0101 | Multiplication/Division Register (MDL) 1101 
0110 | Base pointer (BP) 1110 
0111 | FPU control register (FCR) 1111 | Debug register (DBR) 
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FRi, FRj, FRk 
Indicates Floating Point Registers (FRO to FR15) 


Table A.1-4 Floating Point Register based on FRi/FRj/FRk 


FRi/FRj/FRk | Register FRi/FRj/FRk | Register 
0000 FRO 1000 FR8 
0001 FR1 1001 FR9 
0010 FR2 1010 FR10 
0011 FR3 1011 FRI1 
0100 FR4 1100 FR12 
0101 FRS 1101 FR13 
0110 FR6 1110 FR14 
O111 FR7 1111 FRI5 


(reglist) 


Indicates 8-bit Register list. General purpose register corresponding to each bit value can be specified. 


Table A.1-5 Correspondence between reglist of LDM0O,LDM1 Instruction and 
General purpose Register 


LDMO Instruction LDM1 Instruction 
reglist | Register reglist | Register 

bitO RO bitO R8 
bit! R1 bit! R9 
bit2 R2 bit2 R10 
bit3 R3 bit3 R11 
bit4 R4 bit4 R12 
bit5 R5 bitS R13 
bit6 R6 bit6 R14 
bit7 R7 bit7 R15 


Table A.1-6 Correspondence between reglist of STM0O,STM1 Instruction and 
General purpose Register 


STMO Instruction STM1 Instruction 

reglist | Register reglist | Register 
bitO R7 bitO R15 
bit1 R6 bit! R14 
bit2 R5 bit2 R13 
bit3 R4 bit3 R12 
bit4 R3 bit4 R11 
bit5 R2 bit5 R10 
bit6 RI bit6 R9 
bit7 RO bit7 R8 
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(frlist) 
Indicates 16-bit Register list. Floating Point Registers (FRO to FR15) corresponding to each bit value 


can be specified. 


Table A.1-7 Correspondence between frlist bit of FLDM Instruction and Floating Point 


Registers 

frlist Register frlist Register 
bitO FRO bit8 FR8 
bitl FRI bit9 FR9 
bit2 FR2 bit 10 FRIO 
bit3 FR3 bit11 FRI11 
bit4 FR4 bit12 FR12 
bit5 FR5 bit13 FR13 
bit6 FR6 bit14 FR14 
bit7 FR7 bit15 FR15 


Table A.1-8 Correspondence between frlist bit of FSTM Instruction and Floating Point 


Registers 
frlist Register frlist Register 
bitO FR15 bit8 FR7 
bit FR14 bit9 FR6 
bit2 FR13 bit10 FR5 
bit3 FR12 bit11 FR4 
bit4 FR11 bit12 FR3 
bit5 FR10 bit13 FR2 
bit6 FR9 bitl4 FRI 
bit7 FR8 bit15 FRO 


A.1.2 Operation Column 


These are symbols used in Operation Column of Instruction Lists and operation of Detailed Execution 


Instructions. 


extu( ) 


indicates a zero extension operation, in which portion lacking higher bits is complimented by adding 
"0" bit. 


extn( ) 
indicates a minus extension operation, in which portion lacking higher bits is complimented by adding 


"1" bit. 


exts( ) 


indicates a sign extension operation, in which zero extension is performed for the data within () if MSB 
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A.1.3 


A.1.4 


is "0" and a minus extension is performed if MSB is "1". 


& 
Indicates logical calculation of each bit (AND) 


Indicates the logical sum of each bit (OR) 


Indicates Dedicated Logical Sum of each bit (EXOR) 


() 


Indicates specification of indirect address. It is address memory read/write value of the Register or 
formula within (_ ). 


e 


Indicate the calculation priority. Since ( ) is used for specifying indirect address, different bracket 
namely { } is used. 


if (Condition) then {formula} or if (condition) then {Formula 1} else {Formula 2} 


Indicates the execution of conditions. If the conditions are established, formula after ‘then’ is executed 
and when the conditions are not established, formula next to ‘else’ is executed. Formula can be 
described variously using the { }. 


[m:n] 


Bits from m to n are extracted and targeted for operation. 


Format Column 


Symbols used in the Format Column of the Instruction Lists. 


AtoN 
Indicates the Instruction Formats. A to N correspond to TYPE-A to TYPE-N. 


OP Column 


Hexadecimal value used in the Instruction Lists. They denote operation codes (OP). They branch into the 
following depending on the Instruction Format. 


TYPE-A, TYPE-C, TYPE-D, TYPE-G 


2-digit hexadecimal value represents 8-bit OP code 
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432 


Instruction Lists FR81 Family 
TYPE-B 


2-digit hexadecimal value represents 4 bits of OP code as higher 1 digit and "0" for lower digit. 


TYPE-E, TYPE-H, TYPE-I, TYPE-J, TYPE-K 


3-digit hexadecimal value represents 12-bit OP code. 


TYPE-F 
2-digit hexadecimal value represents 8 bits with 3-bit 000g added below 5-bit OP code. 


TYPE-L, TYPE-N 
4-digit hexadecimal value represents 16 bits with 2-bit O0p added below 14-bit OP code. 


TYPE-M 


4-digit hexadecimal value represents 16-bit OP code. 


CYC Column 


Symbols used in CYC Column of Instruction Lists and execution cycles of Detailed Execution Instructions. 
Numerical values represent CPU clock cycles. Minimum of a to d is | cycle. 


Memory access cycles. Cycles change depending on the access target. Minimum value is | cycle. 


Memory access cycles. Cycles change depending on the access target. Minimum value is | cycle. 


It is 1 cycle when uncompleted LD Instructions are less than 4 Instructions and Register which is the 
object of load operation is not referred by the subsequent Instruction. 


When uncompleted LD Instructions become more than 4 in number, an interlock will be applied from 
that point till the completion of first LD Instruction and the number of execution cycles will be 
increased by (Memory Access Cycles - Number of cycles from the issue of an Instruction till first LD 
Instruction is completed). 


When the Register which is target of load operation is referred to by the succeeding Instruction, an 
interlock will be applied from that point and the number of execution cycles will increase by (Memory 
Access Cycles - Number of cycle from the issue of an Instruction till an instruction refers to the targeted 
Register + 1). 
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Cc 


An interlock will be applied when the immediately next Instruction refers to Multiplication/Division 
Register (MDH) and the number of execution cycles will be increased to 2. Otherwise it will be 1 
cycle. 


There will be 2 cycles when pre-fetching of Instruction in the Pre-fetch Buffer is not carried out. 
Minimum value is | cycle. 


A.1.6 FLAG Column 


Symbols used for flag change in the Flag Column of Instruction Lists and Detailed Execution Instructions. 
Represents change in Negative Flag (N), Zero Flag (Z), Overflow Flag (V), Carry Flag (C) of the Condition 
Code Register (CCR). 


Varies depending on the result of operation 


No change 


Value becomes "0" 


Value becomes "1" 


A.1.7 RMW Column 


Symbols used in the RMW Column of Instruction Lists. It represents whether or not it is Read-Modify- 
Write Instruction. 


Instruction is not Read-Modify-Write Instruction. 


O 


Instruction is Read-Modify-Write Instruction. 


A.1.8 Reference Column 


Represents the portion explained in “Chapter 7 Detailed Execution Instructions” 
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A.2_ Instruction Lists 


This part indicates Instruction Lists of FR81 Family CPU. 


There are a total of 231 instructions in FR81 Family CPU. These instructions are divided into the following 
21 categories. 


e Add/Subtract Instructions (10Instructions) 

¢ Compare Calculation Instructions (3 Instructions) 

¢ Logical Calculation Instructions (12 Instructions) 

e Bit Operation Instructions (8 Instructions) 

¢ Multiply/ Divide Instructions (10 Instructions) 

e Shift Instructions (9 Instructions) 

¢ Immediate Data Transfer Instructions (3 Instructions) 

¢ Memory Load Instructions (16 Instructions) 

¢ Memory Store Instructions (16 Instructions) 

¢ Inter-Register Transfer Instructions/Dedicated Register Transfer Instructions (5 Instructions) 
¢ Non-delayed Branching Instructions (24 Instructions) 

¢ Delayed Branching Instructions (21 Instructions) 

e Direct Addressing Instructions (14 Instructions) 

¢ Bit Search Instructions (3 Instructions) 

¢ Other Instructions (16 Instructions) 

e FPU Memory Load Instructions (7 Instructions) 

e FPU Memory Store Instructions (7 Instructions) 

¢ FPU Single-Precision Floating Point Calculation Instruction (12 Instructions) 
e FPU Inter-Register Transfer Instruction (3 Instructions) 

¢ FPU Branching Instruction without Delay (16 Instructions) 


¢ FPU Branching Instruction with Delay (16 Instructions) 
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Table A.2-1 Add/Subtract Instructions (10Instructions) 

Mnemonic Format | OP | CYC ea RMW Operation Remarks Reference 
ADD Rj, Ri A A6 1 | CCCC - Ri+Rj > Ri 7.2 
ADD #14, Ri C A4 1 CCCC - Ritextu(i4) > Ri 14 is zero extension 7A 
ADD2 #14, Ri C AS 1 CCCC - Ri+extn(i4) > Ri i4 is Minus extension 73 
ADDC Rj, Ri A AT 1 | CCCC - Ri+Rj+C —> Ri Add with carry 74 
ADDN Rj, Ri A A2 1 a--- - Ri+Rj > Ri 7.6 
ADDN #14, Ri C AO 1 ---- - Ritextu(i4) > Ri i4is Zero extension 75 
ADDN2 #14, Ri C Al 1 ---- - Ritextn(i4) > Ri i4 is Minus extension Let: 
SUB Rj, Ri A AC 1 | CCCC - Ri-Rj > Ri 7.129 
SUBC Rj, Ri A AD 1 | CCCC - Ri-Rj-C >Ri Add with carry 7.130 
SUBN Rj, Ri A AE 1 ---- - Ri-Rj > Ri 7.131 

Table A.2-2 Compare Calculation Instructions (3 Instructions) 

Mnemonic Format | op | cyc | faa | RMw Operation Remarks Reference 
CMP Rj, Ri A AA 1 CCCC - Ri-Rj 7.32 
CMP #4, Ri C A8 1 CCCC - Ri-extu(i4) i4is Zero extension 7.31 
CMP2 #14, Ri C AQ 1 CCCC - Ri-extn(i4) i4 is Minus extension 7.33 

Table A.2-3 Logical Calculation Instructions (12 Instructions) 

Mnemonic Format | OP CYC Neve RMW Operation Remarks Reference 
AND Rj, Ri A 82 1 CC-- - Ri&Rj Ri Word 7.10 
AND Rj, @Ri A 84 | 14+2a | CC-- O- | (Ri) & Rj > (Ri) Word 7.9 
ANDH Rj, @Ri A 85 | 14+2a | CC-- O | (Ri) & Rj > (Ri) Half-Word 7.13 
ANDB Rj, @Ri A 86 | 14+2a | CC-- O- | (Ri) & Rj > (Ri) Byte 711 
OR Rj, Ri A 92 1 CC-- - Ri| Rj > Ri Word 7.139 
OR Rj, @Ri A 94 | 142a | CC-- O- | (Ri) | Rj > (Ri) Word 7.138 
ORH Rj, @Ri A 95 | 142a | CC-- O- | (Ri) | Rj > (Ri) Half-Word 7.142 
ORB Rj, @Ri A 96 | 142a | CC-- O- | (Ri) | Rj > (Ri) Byte 7.140 
EOR Rj, Ri A 9A 1 CC-- - Ri’ Rj > Ri Word 7.56 
EOR Rj, @Ri A 9C | 14+2a | CC-- O- | (Ri)* Rj > (Ri) Word 7.55 
EORH Rj, @Ri A 9D | 14+2a | CC-- O- | (Ri)* Rj > (Ri) Half-Word 7.58 
EORB Rj, @Ri A 9E | 1+2a | CC-- O- | (Ri)* Rj > (Ri) Byte 7.57 
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Table A.2-4 Bit Operation Instructions (8 Instructions) 


Mnemonic Format | OP | CYC ae RMW Operation Remarks Reference 
BANDL #u4, @Ri Cc 80 | 142a | ---- O | (Ri) & {F0q+u4} > (Ri) Lower 4- bit 7.18 
BANDH #v4, @Ri Cc 81 | 1+2a | ---- O | (Ri) & {u4<<4+0Fy} > (Ri) | Higher 4 bit TAT 
BORL #u4, @Ri Cc 90 | 14+2a |] ---- O | (Ri) | u4 > (RD Lower 4- bit 7.24 
BORH #u4, @Ri c [91] i+2zal -— | O | RDI {u4<<4) 5 RD Higher 4 bit 7.23 
BEORL #u4, @Ri Cc 98 | 14+2a |] ---- O |} (Ri) * u4 > (Ri) Lower 4- bit 7.22 
BEORH #u4, @Ri Cc [99] 14+2a/ -—- | O | (Ri) {u4<<4} 3 RD Higher 4 bit 71 
BTSTL #u4, @Ri C 88 | 2+a | OC-- - (Ri) & u4 Lower 4- bit 7.26 
BTSTH #u4, @Ri Cc 89 | 2+a | CC-- - (Ri) & {u4<<4} Higher 4 bit 7.25 

Table A.2-5 Multiply/ Divide Instructions (10 Instructions) 

Mnemonic | Format | oP | cyc | fava | RMW Operation Remarks Reference 
MUL Rj, Ri A AF 5 CCC- - Ri X Rj > MDH,MDL | 32 x 32 bit = 64 bit 7.133 
MULU Rj, Ri A AB 5 CCC- - Ri X Rj ~ MDH,MDL | Unsigned 7135 
MULH Rj, Ri A BF 3 CC-- - Ri xX Rj > MDL 16 X 16 bit = 32 bit 7.134 
MULUH Rj,Ri | A | BB | 3 | cc-| - | Ri xRj—2MDL Unsigned 7.136 
DIVOS Ri Weel, cee lize 7.34 
DIVOU Ri E 97-5 1 o--- - In the Specified 7.35 
DIV1 Ri E 97-6 | 1 | -C-C - Instruction Sequence Step Calculation 7.36 
DIV2 Ri E 97-7 Cc Gm @ x MDL + Ri > MDL 32 + 32 bit = 32 bit 7.37 
DIV3 BE |or6 | 1 | --- | - | MDL@Ri> MDH 7.38 
DIV4S E’ 9OF-7 1 ---- - 7.39 

Table A.2-6 Shift Instructions (9 Instructions) 

Mnemonic Format | op | cyc | faye | RMW Operation Remarks Reference 
LSL Rj, Ri A B6 1 CC-C - Ri << Rj > Ri 7.120 
LSL #v4, Ri C B4 1 CC-C - Ri << u4 > Ri Logical Shift 7A21 
LSL2 #u4, Ri C B5 1 CC-C - Ri << {u4+16} > Ri 7.122 
LSR Rj, Ri A B2 1 CC-C - Ri >> Rj > Ri 7.123 
LSR #u4, Ri C BO 1 CC-C - Ri>>u4—> Ri Logical Shift 7.124 
LSR2 #u4, Ri C Bl 1 CC-C - Ri >> {u4+16} > Ri 7.125 
ASR Rj, Ri A |BA| 1 | ccc] - |Ri>>RjORi 7.14 
ASR #4, Ri C B8 1 CC-C - Ri>>u4—> Ri Arithmetic Shift 7.15 
ASR2 #u4, Ri C B9 1 CC-C - Ri >> {u4+16} > Ri 7.16 


Table A.2-7 Immediate Data Transfer Instructions (3 Instructions) 


Mnemonic Format | oP | cyc | faye | RMW Operation Remarks Reference 
LDI:32 #132, Ri H OF-8 d ---- - |132>Ri 7.107 
LDI:20 #120, Ri G 9B d ---- - extu(i20) > Ri | Higher 12-Bits are Zero extension 7.106 
LDI:8 #18, Ri B Co 1 ---- - extu(i8) > Ri Higher 24-Bits are Zero extension 7.108 
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Table A.2-8 Memory Load Instructions (16 Instructions) 
Mnemonic Format | OP | cyc | ova | RMW Operation Remarks | Reference 

LD @Rj, Ri A 04 b ---- - (Rj) > Ri 7.98 

LD @(R13, Rj), Ri A | 00 | b | -—- | - | (RI34R) —>Ri 7.99 

LD @(R14, disp10), Ri B 20 b ---- - (R14+08 x 4) > Ri 7.100 

LD @(R1S5, udisp6), Ri Cc 03 b ---- - (R15+u4 x 4) > Ri 7.101 
(R15) > Ri, 

LD @RI15+, Ri E 07-0 b ---- - R1544 5 RIS Word 7.102 
(R15) > Rs, 

LD @RI15+, Rs E 07-8 b ---- - R1544 5 RIS 7.104 
(R15) > PS, 

LD @R15+, PS E 07-9 | lta | CCCC - R1544 > RIS 7.105 

LD @(BP, udisp18), Ri J 07-4 a ---- - (BP+ul6 x 4) > Ri 7.103 

LDUH @Rj, Ri A | 05 |b | -—- | - | extu(Rj)) Ri 7 AIS 

LDUH @(R13, Rj), Ri A o. | b | —- | - | extu(R13+Rj)) > Ri ae 7.116 

or 

LDUH @(R14, disp)),Ri | B | 40 | b | --- | - | extu(R14+08x2)) Ri | gore extension | 7-117 

LDUH @(BP, udisp17), Ri J 07-5 a ---- - (BP+ul16 x 2) > Ri 7.118 

LDUB @Rj, Ri A | 06 |b | —- | - | extu(Rj)) Ri 7AM 

LDUB @(R13, Rj), Ri A | 02 | b | -- | - | extu(RI3+Rp) > Ri Byte 7.112 

LDUB @(R14, disp8),Ri | B | 60 | b | -— | - | extu(R14408) > Ri Zero extension [7.113 

LDUB @(BP, udisp16), Ri J 07-6 a ---- - (BP+u16) > Ri 7.114 


¢ Relation of field 08 in the Instruction Format TYPE-B to the values disp8 to disp10 in assembly notation 


is as follows. 


08 = disp8 
08 = disp9 >> 1 
08 = disp10 >> 2 


* Relation of field u4 in the Instruction Format TYPE-C to the values udisp6 in assembly notation is as 


follows. 


u4 = udisp6 >> 2 


* Relation of field u16 in the Instruction Format TYPE-J to the values udisp16 to udisp18 in assembly 


notation is as follows. 
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Table A.2-9 Memory Store Instructions (16 Instructions) 


FR81 Family 


Mnemonic Format | op | cyc | poy | RMW Operation Remarks | Reference 
ST Ri, @Rj A 14 a ---- - Ri > (Rj) 7.149 
ST Ri, @(R13, Rj) A 10 a ---- - Ri > (R13+Rj) 7.150 
ST Ri, @(R14, disp10) B 30 a ---- - Ri > (R14+08 x 4) 7A51 
ST Ri, @(R15, udisp6) Cc 13 a ---- -| Ri > (R15+u4 x 4) 7.152 
ST Ri, @-RI5 E 17-0 a ---- - ce Word 7.153 
ST Rs, @-R15 E 17-8 a ---- - See 7.155 

R15-4 RI 

ST PS, @-R15 E 17-9 a ---- - oe (R15) ° 7.156 
ST Ri, @(BP, udisp18) J 17-4 a ---- - Ri > (BP+ul16 x 4) 7.154 
STH Ri, @Rj A 15 a ---- - Ri > (Rj) 7.161 
STH Ri, @(R13, Rj) A 11 a ---- - Ri > (R13+Rj) 7.162 

- : - Half-Word 
STH Ri, @(R14, disp9) B 530 | a | — | - | Ri>(R14408x2) TGS 
STH Ri, @(BP, udisp17) J 17-5 a ---- - Ri > (BP+u16 x 2) 7.164 
STB Ri, @Rj A 16 a ---- - Ri > (Rj) 7.157 
STB Ri, @(R13, Rj) A 12 a ---- - Ri > (R13+Rj) Bete 7.158 
STB Ri, @(R14, disp8) B 70 a ---- - Ri > (R14+08) 7.159 
STB Ri, @(BP, udisp16) J 17-6 a ---- - Ri > (BP+u16) 7.160 


* Relation of field 08 in the Instruction Format TYPE-B to the values disp8 to disp10 in assembly notation 


is as follows. 
08 = disp8 
08 = disp9 >> 1 
08 = disp10 >> 2 


¢ Relation of field u4 in the Instruction Format TYPE-C to the values udisp6 in assembly notation is as 


follows. 


u4 = udisp6 >> 2 


* Relation of field u16 in the Instruction Format TYPE-J to the values udisp16 to udisp18 in assembly 


notation is as follows. 
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ul6 = udisp16 
ul6 =udisp17 >> 1 
ul6 = udisp18 >> 2 
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Table A.2-10 Inter-Register Transfer Instructions/Dedicated Register Transfer Instructions (5 
Instructions) 


Mnemonic | Format) op | cyc | fave |RMW| Operation Remarks Reference 
MOV Rj, Ri A 8B 1 ---- - Rj — Ri _ | Transfer between general-purpose Registers 7.126 
MOV Rs, Ri A B7 1 ---- - Rs > Ri _ | Rs: Dedicated Register 7.127 
MOV Ri, Rs A B3 1 ---- - Ri— Rs _ | Rs: Dedicated Register 7.129 
MOV PS, Ri E 17-1 1 ---- - PS — Ri | PS: Program Status 7.128 
MOV Ri, PS E 07-1 | c |cccc] - Ri— PS_ | PS: Program Status 7.130 
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Table A.2-11 Non-delayed Branching Instructions (24 Instructions) 


FR81 Family 


Mnemonic Format | OP | CYC | Aova | RMW Operation Remarks | Reference 

JMP @Ri E 97-0 2 ---- - Ri —> PC 7.94 
PC+2 — RP, 

CALL labell2 E DO 2 — | pC+2+4exts(rell1 x 2) > PC 727 

CALL @Ri E 97-1 2 nee = PC+2 —> RP, Ri > PC 7.28 
PC+4 > RP 

LCALL label21 I 07-2 2 ---- - PC+4+exts(rel20 x 2) 3 PC 7.96 

RET E’ 97-2 2 Soe = RP > PC 7.143 
SSP-4 — SSP, PS — (SSP), 
SSP-4 > SSP, PC+2 — (SSP), 

INT #u8 D 1F 1+3a ---- - 0 > CCR:L 0 > CCR:S, 7.92 
(TBR+3FC-u8 x 4) > PC 
SSP — SSP, PS — (SSP), 

; SSP — SSP, PC+2 — (SSP), 

INTE E OF-3 | 14+3a ---- - 0 > CCR:S, 43 ILM, 7.93 

(TBR+3D8) > PC 
; (SSP) — PC, SSP+4 — SSP, 

RETI E 97-3 | 14+2b ---- - (SSP) > PS, SSP+4 — SSP 7.145 

BNO label9 D El 1 ---- - No branch 7.19 

BRA label9 D EO 2 — = PC+2+exts(rel8 x 2) > PC 7.19 
if (Z==1) then 

BEQ: label) D ED ees ll ze | pC+2+exts(rel8 x 2) > PC a 
if (Z==0) then 

BNE label9 D E3 2/1 ---- - PC+2+exts(rel8 x 2) > PC 7.19 
if (C==1) then 

BC label) P Bee || eee ~ | PC+2+4exts(rel8 x 2) > PC 719 
if (C==0) then 

BNC label9 D E5 2/1 ---- - PC-+2+exts(rel8 x 2) > PC 7.19 
if (N==1) then 

BN. label? D EDs |e || Meee ~ | PC+2+4exts(rel8 x 2) > PC 719 
if (N==0) then 

BP  labeld P Bee eed |r - | pC+2+4exts(rel8 x 2) PC 719 
if (V==1) then 

BY" label? B ee a ~ | pC+2+4exts(rel8 x 2) > PC 719 
if (V==0) then 

BNV label9 D E9 2/1 ---- - PC+2+exts(rel8 x 2) > PC 7.19 
if (V * N==1) then 

BLT label9 D EA 2/1 ---- - PC+2+exts(rel8 x 2) > PC 7.19 
if (V * N==0) then 

BGE label9 D EB 2/1 ---- - PC+2+exts(rel8 x 2) > PC 7.19 
if ((V *N} | Z==1) then 

BLE label9 D EC 2/1 ---- - PC+2+exts(rel8 x 2) > PC 7.19 
if ((V * N} | Z==0) then 

BGT label9 D ED 2/1 ---- - PC42+exta(rel8 x 2) > PC 7.19 
if (C or Z==1) then 

BLS label9 D EE 2/1 ---- - PC42+exts(rel8 x 2) > PC 7.19 
if (C or Z==0) then 

BHI label9 D EF 2/1 ---- - PC+2+exts(rel8 x 2) > PC 7.19 
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¢ The field rel8 in TYPE-D Instruction Format and the field rell1 in TYPE-F Format have the following 
relation to the values of label9, label12 in assembly notation. 


rel8 = (label9-PC-2)/2 


rell 1 = (label12-PC-2)/2 


¢ The field rel20 in TYPE-I Instruction Format has the following relation to the values of label21 in 
assembly notation. 


rel20 = (labe2 1-PC-4)/2 


Table A.2-12 Delayed Branching Instructions (21 Instructions) 


FLAG 


Mnemonic Format OP | CYC | avo | RMW Operation Remarks | Reference 
JMP:D @Ri E |oro| 1/--— | - |Ri-PC 7.95 
CALL:D label12 F TR |) Gb. ||, eee | Se Santana aes 7.29 
CALL:D @Ri E [ori] 1 /-—- | - | PCH—3RPRI>PC 7.30 
LCALL:D label21 I 17s a | ets | Le uae Oe. eee 7.97 
RET:D EB. (oro) ©. | 2 |<: Pep Se 7.144 
BNO:D label9 D Fl 1 ---- - No branch 7.20 
BRA:D label9 D FO | 1 | -— | - | PC+2+exts(rel8 x 2) > PC 7.20 
ROD hi le ele ae v9 
BNE:D label9 D BSc |e || Fel) xe a <aysne 7.20 
BC:D _label9 D AS ill) oh || eer | ee ey aNee 7.20 
BNC:D label9 D BS" | de. | eee! Ss egbeny ar Sn ahG 7.20 
wo wer | > [1 [| eta one z 
wo wee | > Lp [| ea one v9 
wo we | > fm |) [=| eee one vm 
BNV:D label9 D BO. | des | 8 (ye Snpeanier eesne 7.20 
BLT:D label9 D FAS | 1. |, See-] “2 eee a 7.20 
BGE:D label9 D FRG |, 3" || es |. & EAE ste 7.20 
BLE:D label9 D BCS He. |e! ze ee ees ce 7.20 
BGT:D label9 D PDs 2d. |) sede: ||) 3 ie eae sere 7.20 
BLS:D label9 D Bes s|| A, |e lll Se ere oo 7.20 
BHED label9 D Pe 2 Iili> & Saree as a 7.20 
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¢ Delayed Branching Instructions are branched after always executing the following Instruction (the Delay 
Slot). 


¢ The field rel8 in TYPE-D instruction format and the field rell1 in TYPE-D format have the following 
relation to the values label9, label12 in assembly notation. 


rel8 = (label9-PC-2)/2 
rell 1 = (label 12-PC-2)/2 


¢ The field rel20 in TYPE-I Instruction Format has the following relation to the values of label21 in 
assembly notation. 


rel20 = (labe21-PC-4)/2 


Table A.2-13 Direct Addressing Instructions (14 Instructions) 


FLAG 


Mnemonic Format | OP | CYC | ayo | RMW Operation Remarks | Reference 
DMOV @dir10, R13 D 08 b ---- - (dir8 x 4) > R13 7A0 
DMOV R13, @dirl0 D 18 a ---- - R13 — (dir8 x 4) TAI 
(dir8 x 4) > (R13), 

DMOV @dirl0, @R13+ D OC | 1+2a] ---- - R13+4 > (R13) 7A2 

; (R13) > (dir8 x 4), Word 
DMOV @R13+, @dirl0 D 1C |} 1+2a] ---- - R13+4 > (R13) or 743 
: R15-4 > (R15), 

DMOV @dirl0, @-RI5 D OB | 1+2a | ---- - (dir8 x 4) —> (R15) 7TA4 
; (R15) > (dir8 x 4), 

DMOV @R15+, @dirl0 D 1B |} 1+2a] ---- - R15+4 > (R15) TAS 

DMOVH @dir9, R13 D 09 b ---- - (dir8 x 2) > R13 7.50 

DMOVH R13, @dir9 D 19 a ---- - R13 > (dir8 x 2) 7 Rea | 

(dir8 x 2) > (R13), Half Word 

DMOVH @dir9, @R13+ D OD | 1+2a | ---- - R13+2 > (R13) a or 7.52 
(R13) > (dir8 x 2), 

DMOVH @R13+, @dir9 D 1D | 1+2a | ---- - R13+2 > (R13) 7.53 

DMOVB @dir8, R13 D OA b ---- - (dir8) — R13 746 

DMOVB R13, @dir8 D 1A a ---- - R13 > (dir8) TAT 

. (dir8) — (R13), Byi 
DMOVB @dir8, @R13+ D OE | 14+2a] ---- - R1342 — (R13) yte 7A8 
: (R13) — (dir8), 
DMOVB @R13+, @dir8 D 1E | 14+2a)] ---- - R13+2 > (R13) 7A9 


¢ The field dir8 in FORMAT_D Instruction format has the following relation to the values of dir8, dir9, 
dir10 in assembly notation. 


dir8 = dir8 
dir8 = dir9 >> 1 
dir8 = dirl0 >> 2 
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Table A.2-14 Bit Search Instructions (3 Instructions) 

Mnemonic | Format | op | cyc | jaja | RMW Operation Remarks Reference 
SRCHO Ri E 97-C 1 ---- search_zero(Ri) > Ri Searches first 0 Bit 7.110 
SRCHI1 Ri E 97-D 1 ---- search_one(Ri) > Ri Searches first 1 Bit TALI 
SRCHC Ri E 97-E 1 ---- search_change(Ri) > Ri Searches first change 7.112 

Table A.2-15 Other Instructions (16 Instructions) 
Mnemonic | Format | op | cyc | {ive | amw Operation Remarks Reference 
NOP BE’ OF-A 1 ---- - No change 7.137 
ANDCCR #u8 D 83 1 |CCCC] - CCR & u8 > CCR 7.12 
ORCCR #u8 D 93 1 |CCCC] - CCR | u8 > CCR 7.141 
STILM #u8 D 87 1 ---- - u8 > ILM Sets ILM immediate value 7.126 
ADDSP #s10 D A3 1 ---- - R15+s8 x 4 > R15 78 
EXTSB Ri E 97-8 1 ---- - exts(Ri[7:0]) > Ri Sign extension 8 > 32 7.59 
EXTUB Ri E 97-9 1 ---- - extu(Ri[7:0]) > Ri Zero extension8 > 32 7.61 
EXTSH Ri E 97-A 1 ---- - exts(Ri[15:0]) > Ri Sign extension 16 — 32 7.60 
EXTUH Ri E 97-B 1 ---- - extu(Ri[15:0]) > Ri Zero extensionl6 > 32 7.62 
for Ri of reglist ; 

LDMO (reglist) | D Be | AS | Ses.) |S: RTS) eR a ane 7.109 
R15+4 > RIS i 
for Ri of reglist ; 

LDM1I (reglist) | D sp | *1 | ---- | - | (R15) 9Ri, ae eee 7.110 
R15+4 > RIS . 
for Ri of reglist ‘Sioveqnnliele 

STMO (reglist) D 8E *2 a--- - R15-4 > R15, RO toR7 P 7.127 
Ri > (R15) ° 
for Ri of reglist Ree eEDIE 

STM1 (reglist) D 8F *2 a--- - R15-4 > R15, R8 toRIS P 7.128 
Ri > (R15) - 
Sean ory Function entry 

ENTER #u10 D OF l+a | ---- - R15-4 > R14, : 7.54 
R15-extu(u8 x 4) > R15 | Processing 

7 R14+4 > RIS, ; : ? 

LEAVE E 9F-9 b ---- - (RIS-4) > R14 Function exit processing 7.85 
Ri > TEMP, 

XCHB @R;,Ri | A | 8A | 2a | -—-- | O | extu(Rj)) ORL Byte dale tome naphOre | aira5 
TEMP = (Rj) processing 


*1: The number of execution cycles for LDMO(reglist) and LDM 1 (reglist) is b x n cycles when "n" is the number of 
registers designated. 
*2: The number of execution cycles for STMO(reglist)and STM 1(reglist) is a x n when "n" is the number of registers 


designated. 


¢ In the ADD SP Instruction, the field s8 in TYPR-D Instruction Format has the following relation to the 
value of s10 in assembly notation. 
s8 =sl0 >> 2 

¢ In the ENTER Instruction, the field u8 in TYPR-D Instruction Format has the following relation to the 
value of ul0 in assembly notation. 


u8 =ul0 >> 2 
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Table A.2-16 FPU Memory Load Instructions (7 Instructions) 


FCC 


Mnemonic Format oP CYC | eay | RMW Operation Remarks Reference 

FLD @Rj, FRi K 07-C a ---- = (Rj) > FRi Word 7.70 

FLD @(R13, Rj), FRi K 07-E a ---- - (R13+Rj) > FRi Word 7.71 

FLD @(R14, disp16), FRi L 07-DO a ---- - (R14+014 x 4) > FRi | Word 7.72 

FLD @(R1S5, udisp16), FRi L 07-D4 a ---- - (R15+ul4 x 4) > FRi | Word 7.73 

(R15) — FRi 

FLD @R15+, FRi L 07-D8 a ---- - RIS +4—>RI5 Word 7.74 

FLD @(BP, udisp18), FRi J 07-7 a ---- - (BP+ul16 x 4) > FRi Word 7.75 
for FRi of frlist : 

FLDM (frlist) N | o07-pc | *1 | --- | - | (R15) 3 FRi es aa 7.16 
R1I5+4>5RI5 se 


*1: The number of execution cycles for FLDM instruction is a Xx n when "n" is the number of registers designated. 


¢ The field 014 and ul4 in TYPE-L instruction format have the following relation to the values disp16, 
udisp16 in assembly notation. 


014 =disp16 >> 2 
ul4 = udisp16 >> 2 


¢ The field ul6 in TYPE-J instruction format has the following relation to the value udisp18 in assembly 
notation. 


ul6 = udisp18 >> 2 


Table A.2-17 FPU Memory Siore Instructions (7 Instructions) 


Mnemonic Format | oP | cyc | fc, | RMW Operation Remarks Reference 
FST FRi, @Rj K 17-C a ---- - FRi —> (Rj) Word 7.83 
FST FRi, @(R13, Rj) K 17-E a ---- - FRi > (R13+Rj) Word 7.84 
FST FRi, @(R14, disp16) L 17-DO a ---- - FRi > (R14+014 x 4) | Word 7.85 
FST FRi, @(R15, udisp16) L 17-D4 a ---- - FRi > (R15+ul4 x 4) | Word 7.86 
R15 -45RI15 
FST FRi, @-R15 L 17-D8 a ---- - FRi > (R15) Word 7.87 
FST FRi, @(BP, udisp18) J 17-7 a ---- - FRi > (BP+ul6 x 4) Word 7.88 
for FRi of frlist ‘ 
FSTM (frlist) N |17DcC | *1 | --- | - | RI5-45R15 a ae 7.89 
FRi > (R15) 10 


*1: The number of execution cycles for FSTM instruction is a x n when "n" is the number of registers designated. 


¢ The field 014 and ul4 in TYPE-L instruction format have the following relation to the values disp16 and 
udisp16 in assembly notation. 


014=disp16 >> 2 
ul4 = udisp16 >> 2 


¢ The field ul6 in TYPE-J instruction format has the following relation to the value udisp18 in assembly 
notation. 


ul6 = udisp18 >> 2 
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Mnemonic Format | oP crc | gy | RMW Operation Remarks | Reference 
FADDs FRk, FRj, FRi M 07-A0 1 ---- - FRk + FRj > FRi 7.64 
FSUBs FRk, FRj, FRi M 07-A2 1 ---- - FRk - FRj > FRi 7.91 
FCMPs FRk, FRj M 07-A4 1 |CCCC - FRk - FRj 7.67 
FMULs FRk, FRj, FRi M 07-A7 1 ---- - FRk xX FRj > FRi 7.80 
FDIVs FRk, FRj, FRi M 07-AA 9 ---- - FRk / FRj > FRi 7.68 
FNEGs FRj, FRi M 07-AF 1 ---- - FRj X -1 > FRi 7.81 
FABSs FRj, FRi M 07-AC 1 ---- - |FRj| > FRi 7.63 
FMADDs FRk, FRj, FRi M 07-A5 4 ---- - FRk X FRj + FRi > FRi 7.77 
FMSUBs FRk, FRj, FRi M 07-A6 4 ---- - FRk x FRj - FRi > FRi 7.79 
FSQRTs FRj, FRi M 07-AB 14 ---- - J FRj > FRi 7.82 
FiTOs FRj, FRi M 07-A8 1 ---- - (float)FRj — FRi 7.69 
FsTOi FRj, FRi M 07-A9 1 ---- - (int)FRj — FRi 7.90 

Table A.2-19 FPU Inter-Register Transfer Instruction (3 Instructions) 

Mnemonic Format | OP | cyc | gia, | RMW Operation Remarks | Reference 
FMOVs FRj, FRi M 07-AE 1 ---- - FRj > FRi 7.78 
MOV Rj, FRi K 07-3 1 ---- - Rj — FRi 7.131 
MOV FRj, Ri K 17-3 1 ---- - FRj > Ri 7.132 
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Table A.2-20 FPU Branching Instruction without Delay (16 Instructions) 


Mnemonic Format | oP | cyc | gq, | RMW Operation Remarks Reference 
FBN N 07-FO 2 ---- - No branch 7.65 
FBA labell7 N 07-FF 2 ---- - PC+4+exts(rell6 x 2) > PC 7.65 

if (L||G]| U) then 
FBNE labell7 N 07-F7 2 ---- - PC+4+exts(rell6 x 2) > PC 7.65 
FBE labell7 W- | O7-Fe: 292 | Be. ||, |S 7.65 


PC+4+exts(rell6 x 2) + PC 


if (L || G) then 
FBLG label17 N 07-F6 2 ---- - | pCH4texts(rel16 x2) > PC 7.65 


if (E || U ) then 
FBUE label17 N 07-F9 2 ---- - PC+4+exts(rell6 x 2) > PC 7.65 


if (L || U ) then 
FBUL label17 N 07-F5 2 ---- - PC+4texts(rell6 x 2) > PC 7.65 


if (G||E ) then 
FBGE labell7 N 07-FA 2 ---- - | pCH4texts(rel16 x 2) > PC 7.65 


if (L ) then 
FBL labell7 N 07-F4 2 ---- - PC+4+exts(rell6 x 2) 3 PC 7.65 


if (U||G ||E) then 
FBUGE labell7 N 07-FB | 2 | ---- Hl Ber aertseeliexd) 236 7.65 


if (U || G) then 
FBUG labell7 N 07-F3 2 ---- - PCH4texts(rell6 x 2) > PC 7.65 


if (L || E) then 


FBLE labell7 Ne |[O7EG |) 22. | Gece. |g ere eeay be 1.65 
if (G) then 

FBG labell7 Sn ce lee ae al (el essere ee 1.65 
if (E||L || U) then 

FBULE labell7 Ni | OPA |i 2.) Gases eee ious) see 7.65 

FBU labell7 Me | 07BE:|) Be. | see..|| 2 | Oe 7.65 


PC+4+exts(rell6 x 2) + PC 


if (E||L||G) then 
FBO labell7 N 07-FE | 2 | ---- =: pea certstrenles SekPC 7.65 


¢ The field rell16 in TYPE-N instruction format has the following relation to the value labell7 in assembly 
notation. 


rel16 = (label17-PC-4)/2 
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Table A.2-21 FPU Branching Instruction with Delay (16 Instructions) 

Mnemonic Format | oP | cyc | gq, | RMW Operation Remarks Reference 
FBN:D N |izFol2|—|- No branch 7.66 
FBA:D labell7 N 17-FF 2 ---- - PC+4+exts(rell6 x 2) > PC 7.66 
FBNE:D labell7 No.) ase ||) Be | sees ||) 2 Pe es sees 7.66 
FBE:D label17 ae |) a7ege |e: |) Sexe, || 5 ens astiyute 7.66 
FBLG:D label17 N | 17F6 | 2 | ee | Tei ee 7.66 
FBUE:D labell7 Ne jl agape | 22: || cate We aE eee Len ee 7.66 
FBUL:D labell7 Ne) a7ee5"'| Be | ace. | << OPA e ee peers 7.66 
FBGE:D label17 Ne> | 47aRAS || 2 | See |) nll orate Seats 7.66 
FBL:D label17 N | a7@Ra| a | ae | 2 ne eee eee pe hes 7.66 
FBUGE:D label17 | N | 17-FB | 2 | ---- |. - oe ae ee aes 7.66 
FBUG:D label17 ne ce | a ee epi fa Binnane 7.66 
FBLE:D labell7 nN | a7Fe | 2 | as |» ee oy sie 7.66 
FBG:D labell7 Ne | a7 | a= | eee ||| 2 ae ane 7.66 
FBULE:D label17 N°. | 49:FD: | -2: | ae || 4 ee ae 7.66 
FBU:D labell7 Ne | 17eeae |! Pe) see. |) 4 ee ai pees 7.66 
FBO:D labell7 Ne |. Agee: | 9" | Bees | soba Res exes 7.66 


¢ Delayed Branching Instructions are branched after always executing the following Instruction (the Delay 
Slot). 


¢ The field rell6 in TYPE-N instruction format has the following relation to the value labell7 in assembly 


notation. 
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A.3 List of Instructions that can be positioned in the Delay Slot 


This section shows the Instructions List that can be positioned in the delay slot of 


Delay Branching Instruction. 


@ Add/Subtract Instructions 


ADD Rj, Ri ADD #14, Ri ADD2 #4, Ri 
ADDC Rj, Ri ADDN Rj, Ri ADDN #14, Ri 
ADDN72 #14, Ri SUB Rj, Ri SUBC Rj, Ri 
SUBN Rj, Ri 
@ Compare Calculation Instructions 
CMP Rj, Ri CMP #4, Ri CMP2 #14, Ri 
@ Logical Calculation Instructions 
AND Rj, Ri OR Rj, Ri EOR Rj, Ri 
@ Multiply/ Divide Instructions 
DIVOS Ri DIVOU Ri DIV1 Ri 
DIV2 Ri DIV3 DIV4S 
@ Shift Instructions 
LSL Rj, Ri LSL #v4, Ri LSL2 #u4, Ri 
LSR Rj, Ri LSR #u4, Ri LSR2 #u4, Ri 
ASR Rj, Ri ASR #4, Ri ASR2 #u4, Ri 


@ Immediate Data Transfer Instructions 


LDI:8 #18, Ri 


@ Memory Load Instructions 
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LD @Rj, Ri 


LD @(R15, udisp6), Ri 


LD @(R13, Rj), Ri 
LD @R1S+, Ri 
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LD @R15+, Rs 
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LDUH @Rj, Ri 
LDUB @R;, Ri 


@ Memory Store Instructions 


ST Ri, @Rj 
ST Ri, @(R1S, udisp6) 
ST PS, @-RI5 
STH Ri, @Rj 
STB Ri, @Rj 


LDUH @(R13, Rj), Ri 
LDUB @(R13, Rj), Ri 


ST Ri, @(R13, Rj) 
ST Ri, @-R1I5 


STH Ri, @(R13, Rj) 
STB Ri, @(R13, Rj) 


@ Inter-Register Transfer Instructions 


MOV Rj, Ri 
MOV PS, Ri 


@ Direct Addressing Instructions 


DMOV @dirl0, R13 
DMOVH R13, @dir9 


@ Bit Search Instructions 


MOV Rs, Ri 
MOV Ri, PS 


DMOV R13, @dir10 
DMOVB @dir8, R13 
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LDUH @(R14, disp9), Ri 
LDUB @(R14, disp8), Ri 


ST Ri, @(R14, disp10) 
ST Rs, @-R15 


STH Ri, @(R14, disp9) 
STB Ri, @(R14, disp8) 


MOV Ri, Rs 


DMOVH @dir9, R13 
DMOVB R13, @dir8 


SRCHO Ri SRCH1 Ri SRCHC Ri 
@ Other Instructions 
NOP ANDCCR #u8 ORCCR #u8 
STILM #u8 ADDSP #s10 EXTSB Ri 
EXTUB Ri EXTSH Ri EXTUH Ri 
LEAVE 
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APPENDIX B Instruction Maps 


It includes instruction maps of FR81 Family CPU. 


B.1 Instruction Maps 


B.2 Extension Instruction Maps 
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Lower 4 bits 


Figure B.1-1 Instruction Map 
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Figure B.1-1 illustrates in tabular form 8 bit operation codes (OP) for each instruction. Instructions where 
operation code (OP) is less than 8 bit, they have been converted into 8 bit by packing them on MSB side. 


Instruction Maps 


The following shows an instruction map when the operation code consists of 8 or less 


FR81 Family 
bits. 


B.1 


suq p J946IH 
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B.2 Extension Instruction Maps 


The following shows an instruction map when the operation code consists of 12 or 


more bits. 


Instructions with a 12-bit operation code (OP), which is divided into 8 higher bits and 4 lower bits are 


shown in Table B.2-1. 


Table B.2-1 Instruction Map with 12-Bit Operation Code 


Lower 4 bits 
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LD @R15+,Ri 


Higher 8 bits 


ST Ri,@-R15 


JMP @Ri 


JMP:D @Ri 


MOV Ri,PS 


MOV PS,Ri 


CALL @Ri 


CALL:D @Ri 


LCALL label21 


LCALL:D label21 


RET 


RET:D 


MOV Rj, FRi 


MOV FRi, Rj 


RETI 


INTE 


LD @(BP, udisp18), Ri 


ST Ri, @(BP, udisp18) 


DIVOS Ri 


LDUH @(BP, udisp17), Ri 


STH Ri, @(BP, udisp17) 


DIVOU Ri 


LDUB @(BP, udisp16), Ri 


STB Ri, @(BP, udisp16) 


DIV1 Ri 


DIV3 


FLD @(BP, udisp18), FRi 


FST FRi, @(BP, udisp18) 


DIV2 Ri 


DIV4S 


LD @R15+,Rs 


ST Rs,@-R15 


EXTSB Ri 


LDI:32 #132,Ri 


LD @R15+,PS 


ST PS,@-R15 


EXTUB Ri 


LEAVE 


Refer to Table B.2-2 


Refer to Table B.2-2 


EXTSH Ri 


EXTUH Ri 


FLD @Rj, FRi 


FST FRi, @Rj 


Refer to Table B.2-2 


Refer to Table B.2-2 


FLD @(R13, Rj), FRi 


FST FRi, @(R13, Rj) 


Refer to Table B.2-3 


-: Undefined 


Refer to Table B.2-3 
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Instructions with 16-bit and 14-bit operation codes (OP), each of which is divided into 8 higher bits and 8 
lower bits are shown in Tables Table B.2-2 and Table B.2-3. An instruction with a 14-bit operation code is 
padded to the MSB side to convert the 14-bit operation code to a 16-bit operation code. 


Table B.2-2 Instruction Map with 16-Bit/14-Bit Operation Code 


Higher 8 bits 


FADDs FRK, FRj, FRi 


FSUBs FRK, FRj, FRi 


FCMPs FRk, FRj 


FMADDs FRk, FRj, FRi 


FMSUBs FRk, FRj, FRi 


FMULs FRK, FRj, FRi 


Lower 8 bits 


FiTOs FRj, FRi 


FsTOi FRj, FRi 


FDIVs FRK, FRj, FRi 


FSQRTs FRk, FRj 


FABSs FRj, FRi 


FMOVs FRj, FRi 


FNEGs FRj, FRi - 


FLD @(R14, disp16), FRi FST FRi, @(R14, disp16) 


FLD @(R1S5, udisp16), FRi FST FRi, @(R15, udisp16) 


FLD @R15+, FRi FST FRi, @-R15 


FLDM (frlist) FSTM (frlist) 


*: Instruction of 14-Bit Operation Code 
-: Undefined 
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Table B.2-3 Instruction Map with 16-Bit Operation Code 


Higher 8 bits 
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Lower 8 bits 


FBN 


FBN:D 


FBU labell7 


FBU:D labell7 


FBG labell7 


FBG:D label17 


FBUG labell7 


FBUG:D labell7 


FBL label17 


FBL:D label17 


FBUL labell7 


FBUL:D labell7 


FBLG label17 


FBLG:D label17 


FBNE labell7 


FBNE:D labell17 


FBE label17 


FBE:D label17 


FBUE label17 


FBUE:D label17 


FBGE label17 


FBGE:D label17 


FBUGE label17 


FBUGE:D label17 


FBLE labell7 


FBLE:D label17 


FBULE label17 


FBULE:D labell7 


FBO labell7 


FBO:D label17 


FBA labell7 


FBA:D labell7 
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APPENDIX C = Supplemental Explanation about FPU Exception 


C.1 


Processing 


Conformity with IEEE754-1985 Standard 


The FR81 Family CPU conforms to the IEEE754-1985 standard (hereinafter referred to as "JEEE754"), 
excluding the following. 


1. Overflow 


IEEE754 defines that the biased (+192 for single-precision) exponent part is used as the result if overflow 
occurs; however, this architecture does not provide for certain cases such as the addition of the biased 
value. 


2. Underflow 


IEEE754 defines that the biased (-192 for single-precision) exponent part is used as the result if 
underflow occurs; however, this architecture does not provide for certain cases such as the reduction of 
the biased value. 


When the result is an unnormalized number, the result is flushed to zero. 


3. Unnormalized number 


IEEE754 defines an unnormalized number to prevent the result from being flushed rapidly to zero; 
however, the unnormalized number is not supported in this architecture. If an unnormalized number is 
input when the unnormalized number input exception is prohibited, its numeric value is assumed to be 
zero for calculation purposes. This is also applied when the calculation result is an unnormalized number; 
therefore, the result is set to zero. 


4. QNaN 
The QNaN output pattern is fixed to 7FFFFFFFy, excluding the move, sign inversion, and absolute value 
instructions. 


5. Unsupported instructions 
This architecture does not support the following instructions. 
¢ Remainder 
e Integer rounding (Round Floating-Point Number to Integer Value) 


¢ Conversion between binary and decimal numbers 


6. Floating point calculation exception 


This exception occurs when the sufficient calculation result is not obtained for TEEE754. This 
architecture provides six exceptions in total: five exceptions (Inexact, Underflow, Overflow, Division by 
Zero, and Invalid Calculation), which are defined in IEEE754, as well as one exception (unnormalized 
number input). 


In TEEE754, if a floating point calculation exception occurs, the defined operation is carried out to 
generate a trap. In this architecture, it is provided as an exception; therefore, no data is written to the 
destination when a floating point calculation exception occurs. 
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C.2 FPU Exceptions 


FPU exceptions are classified into six types: five exceptions (Inexact, Underflow, Overflow, Division by 
Zero, and Invalid Calculation), which are defined in IEEE754, and an exception that is generated when an 
unnormalized number is input. Whether or not to generate those calculation exceptions can be specified 
using the FPU control register (FCR.EEF). The result output upon the exception conditions being satisfied 
varies depending on the FCR.EFF setting. 


If an exception is not permitted, the result of each calculation is output so that the requested result is 
obtained when calculation runs on even if an exception occurs, or so that it can be recognized from the 
result that the calculation is invalid. When an exception is permitted, if the significant calculation result 
cannot be obtained due to an exception factor, the calculation result is not written; otherwise, it is written. 


1. Invalid calculation exception (Invalid Operation) 


This exception occurs when calculation cannot be carried out properly because the specified operand is 
invalid for the calculation. In concrete terms, this exception occurs when: 


e SNaN has been input; 


¢ the result is in infinite format (ce - 9, 0 x 09, 0/0, -/e0, 1 etc.) 


e the conversion source value is not indicated in the conversion destination format using a conversion 
instruction. 


If this exception occurs, the following operations are carried out. 
[FCR:EEF:V=1] 
Writing to the floating point register or FCR:FCC is prohibited. 
The FCR.CEF.V flag is set to generate an FPU exception. 
[FCR:EEF:V=0] 
QNaN (7FFFFFFF);) is stored in the floating point register for instructions other than conversion or 
comparison instructions. 
For the conversion instruction, + MAX is stored in the floating point register. 
For the comparison instruction, the FCR:FCC:U flag is set. 
The FCR:ECF:V flag is set. 


2. Division-by-Zero exception (Division by Zero) 


This exception occurs when performing division by zero. If this exception occurs, the following 
operations are carried out. 


[FCR:EEF:Z=1] 
Writing to the floating point register is prohibited. 
The FCR:CEF.Z flag is set to generate this exception. 
[FCR:EEF:Z=0] 


The infinity is stored in the floating point register. If the sign is the same, it is set to a positive sign. If 
the sign is different, it is set to a negative sign. 


The FCR:ECF:Z flag is set. 
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3. Overflow exception (Overflow) 


This exception occurs when, during calculation, the exponent exceeds the maximum that can be 
expressed in the specified format. If this exception occurs, the following operations are carried out. 


[FCR:EEF:0=1] 
Writing to the floating point register is prohibited. 
The FCR:CEF:0O flag is set to generate this exception. 
[FCR:EEF:0=0] 


As shown in the following Table C.2-1, the value is written to the floating point register based on the 
rounding mode. 


The FCR:ECF:0O flag is set. 


Table C.2-1 Output Result in Rounding Mode and at Overflow 


Output result 


Rounding mode 
(FCR:RM) 


Positive overflow Negative overflow 


O00, (Latest value) 


Ol, (Zero) 


10p (+2) 


11, (-) 


4. Underflow exception (Underflow) 

This exception occurs when the rounding result is incorrect and the absolute value is less than the 
minimum normalized number in the specified format. In concrete terms, this exception occurs when the 
exponent is set to 0 while normalizing a significand or when the exponent is set to a negative value 
during multiplication or division. This exception also occurs when a specific value is set to the minimum 
normalized number after round processing while it is an unnormalized number before round processing 
(pre-rounding rule). This exception does not occur when the result of non-round processing is correct and 
set to zero. If this exception occurs, the following operations are carried out. 
[FCR:EEF:U=1] 

Writing to the floating point register is prohibited. 

The FCR:CEF:U flag is set to generate this exception. 
[FCR:EEF:U=0] 

Zero is always stored in the floating point register. (Zero flush) 

The FCR:ECF:U flag is set. 


Nn 


. Inexact exception (Inexact) 


This exception occurs when the rounding result is incorrect (including a case where an Underflow 
exception is detected at FCR:EEF:U = 0 when a unnormalized number is flushed to zero) or when 
overflow has occurred because an Overflow exception is invalid (including a case where overflow has 
occurred as a result of round processing). If this exception occurs, the following operations are carried 
out. 


[FCR: EEF: X=1] 
Writing to the floating point register is prohibited. 
The FCR:CEF:X flag is set to generate this exception. 
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[FCR:EEF:X=0] 
The calculation result is stored in the floating point register. 
The FCR:ECF:X flag is set. 
6. Unnormalized Number Input exception (Denormalized Number Input) 


This exception occurs when an unnormalized number is specified in the input operand. If this exception 
occurs, the following operations are carried out. 


[FCR:EEF:D=1] 
Writing to the floating point register is prohibited. 
The FCR:CEF:D flag is set to generate this exception. 
[FCR.EEF.D=0] 
The input operand that is set to an unnormalized number is flushed to zero before calculation. 
The FCR:ECF:D flag is set. 


C.3. Round Processing 


Rounding processing conforms to IEEE754. A significand is expressed by 24 bits (single-precision). If a 
significand of calculation result is expressed by the number of bits greater than 24 bits (including 
unnormalized numbers), round processing is performed to obtain the approximate value of 24 bits (single- 
precision). The following explains round processing. 


The calculation result (S) of the significand is defined as follows (see next if the guard bit is omitted 
(already processed)). 


Figure C.3-1 Calculation Result of Significand including Guard Bit 


26 3 2 1 O 


significand (p) gi|r|s 


wow Wo 


Here, "g" indicates a guard bit, "r" indicates a round bit, "s" indicates a sticky bit, and "p" indicates a 
significand. 


won wow woe 


Next, obtain the OR value (rUs) between "r" and "s". Then set the result as "s" and set "g" as "r" again. 
Figure C.3-2 Calculation Result of Significand omitting Guard Bit 


25 2 1 0 


significand (p) r|s 


Perform round processing based on the following Table C.3-1. Here, "S" indicates the calculation result of 
the significand, "r" indicates a round bit, "s" indicates a sticky bit, and "LSB" indicates the LSB of "p". 
("!s" indicates the reversal value of "s".) 


458 FUJITSU MICROELECTRONICS LIMITED CM71-00105-1E 


APPENDIX 
FR81 Family APPENDIX C_ Supplemental Explanation about FPU Exception Processing 


Table C.3-1 Rounding Mode and Rounding Processing of Significand 


Rounding 
mode 
(FCR.RM) 


O0R (Latest 


fae) "ptl" if "r4!s*LSB" or "rs" is true "p+l" if "r4!s4LSB" or "rs" is true 
value 


Ol, (Zero) 


108 (+e) "p+ 1" if "rus" is true 


11g (-29) "p+tl" if "rus" is true 


Wo 


The blank column means that the "p" value is used as the result. 
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The index follows on the next page. 
This is listed in alphabetic order. 
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Index 


Numerics 


20-bit Addressing 
20-bit Addressing Area & 32-bit Addressing Area 


32-bit Addressing 
20-bit Addressing Area & 32-bit Addressing Area 
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A 
Access 
Data Access cic. coiieisaecrvotidersscicte jen eeuseege Miata: 14 
Program ACCESS ......::ccecceeeeeeeneeceeeeeeeeeeeeeeeeesenaaees 14 
ADD 
ADD (Add 4bit Immediate Data to Destination 
RESIStED) iis sezet cethereta ante det sheireatacce ata cee 105 
ADD (Add Word Data of Source Register to 
Destination Register) .......:.:ceeeeeeee 107 
ADD2 (Add 4bit Immediate Data to Destination 
Register): icacvsticiteh Meesraeeevesdecterennt oot 109 
ADDC 
ADDC (Add Word Data of Source Register and Carry 
Bit to Destination Register) .............2:.5: 111 
ADDN 
ADDN (Add Immediate Data to Destination Register) 
Le vecuhevbededabinanauates tate ceedsvievateeetnisveeeerass 113 
ADDN (Add Word Data of Source Register to 
Destination Register) ........ cc cceeeeeeee 115 
ADDN2 (Add Immediate Data to Destination 
Re pisten) srceccetlae havin ntteenecnkheaeeedered 117 
Address Space 
Address Space. :.ccctestahiteenceecstt eves vdatinaehiseehenceee 8 
Addressing 
20-bit Addressing Area & 32-bit Addressing Area 
bo hech team tyandmentnest satel mecitaeduteetierecared dnges 11 
Addressing Formats 
Addressing Formats........::c::cccccsseeeeeeseeesennesneeneees 86 
ADDSP 
ADDSP (Add Stack Pointer and Immediate Data) 
soul ra nenhaGanan sa madetitednedvaaasiaudeas taqedsieetnaes 119 
Alignment 
Word Alignment ..........::::::ecceeeeeeeeeeeeeeeeetennteeeeees 14 
AND 
AND (And Word Data of Source Register to Data 
A MCMOLy)e:servcy) slecsuseestoe tecenhbeeeteecbeede 121 
AND (And Word Data of Source Register to 
Destination Register) ....... cc ceeeeeeeeee 123 
ANDB 
ANDB (And Byte Data of Source Register to Data 
TA MEMOLY, )siccetceisicy tercteicedetersttdeeteeetsent 125 
ANDCCR 
ANDCCR (And Condition Code Register and 
Immediate Data).............c:cccceeceeeesseeeees 127 
ANDH 
ANDH (And Halfword Data of Source Register to 
Data in Memory)..........:::sseceeeeeeeeeeeeeees 129 
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Arithmetic shift 
ASR (Arithmetic shift to the Right Direction) 
dutuetgauyyersbhuveexndh etacnevebaaveuetoneneye 131, 133 
ASR2 (Arithmetic shift to the Right Direction) 
wutednaed saneheuduy tus ones neeveneueuhaeesgeduteey rane: 135 
ASR 
ASR (Arithmetic shift to the Right Direction) 
sasisa neg ddeatvauadaulanpegiediaavidayeraursaed ene 131, 133 
ASR2 (Arithmetic shift to the Right Direction) 
wuihtnaeeheinndssaasieis ueaeetwegeaticaundeaasaunaceaiaaars 135 
B 
BANDH 
BANDH (And 4bit Immediate Data to Higher 4bit of 
Byte Data in Memory)........:.::cceeeeeeeeees 137 
BANDL 
BANDL (And 4bit Immediate Data to Lower 4bit of 
Byte Data in Memory)........:.:::ceeeeeeeeeees 139 
Bcc 
Bcc (Branch relative if Condition satisfied)......... 141 
Bec:D 
Bcc:D (Branch relative if Condition satisfied) 
daa aenaenndheayiag hudasehecwice sesatannasanteguareenadte 143 
BEORH 
BEORH (Eor 4bit Immediate Data to Higher 4bit of 
Byte Data in Memory)..........:::seseeeeeeees 145 
BEORL 
BEORL (Eor 4bit Immediate Data to Lower 4bit of 
Byte Data in Memory)........::::::0ceeeeeeees 147 
BORH 
BORH (Or 4bit Immediate Data to Higher 4bit of Byte 
Data in Memory) ...........eseeseeeeeeeeeeeeeeees 149 
BORL 
BORL (Or 4bit Immediate Data to Lower 4bit of Byte 
Data in Memory) ..........eeseesesseeeeeeeeeeeees 151 
Branch 
Bcc (Branch relative if Condition satisfied)......... 141 
Bcc:D (Branch relative if Condition satisfied) 
allele Cecaxedevueue sues sare Oeesvnecvietecbabeutes ers 143 
Branching 
Delayed Branching Instructions ............000cee 97 
Delayed branching processing...........0..:0:eeee 78 
Example of branching with non-delayed branching 
INSCIUCTIONS «0.2.2.2 e cece eee eeeeeeeeneteteteteteteeeees 78 
Example of processing of delayed branching 
INSUIUCTION .....eeeeeeeeeeeee cece ee eaeeeeeeeeeeeeneeees 79 
Non-Delayed Branching Instructions... 99 
Specific example of Delayed Branching Instructions 
Sathist sastedintich funda dhieleeeetataevaulptarshvuleeiaiel awed 98 
Branching Instructions 
Branching Instructions and Delay Slot... 97 
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BTSTH (Test Higher 4bit of Byte Data in Memory) 
siucaberwareubdyskhwdst tuatactvacdebhaacteghtntmveres is 153 
BTSTL 
BTSTL (Test Lower 4bit of Byte Data in Memory) 
asuidh tisha tantdasaaatragh«dcstpiaradesuatuaauenentetiaes 155 
Bypassing 
Register Bypassing .........::::::cccceceeeeeeeeeeeestenaeeaeees 74 
Byte Data 
ANDB (And Byte Data of Source Register to Data 
IN MeCMOTY)......eeeeeeeeeeeeeeeennenneeeeeeeeeneees 125 
BTSTH (Test Higher 4bit of Byte Data in Memory) 
wiscuesdduguntedtusapedi rectgdsnvsbnastateuileatietedectse 153 


Pees ati Niet cuvius ic deaeed eh anette Ped 155 
Byte. Dataset cccttvti dietetic ectheen ideas 12 
DMOVB (Move Byte Data from Direct Address to 

Post Increment Register Indirect Address) 


Peahcith aquias Aa aunetial ed eet Wath oe Reree nceak ee 199 
DMOVB (Move Byte Data from Direct Address to 
REGiISUED) Aiewencddiscedegiestessdagiorttacedfelevdevsn 195 


DMOVB (Move Byte Data from Post Increment 
Register Indirect Address to Direct Address) 


DMOVB (Move Byte Data from Register to Direct 
ACAress) .essie ideveteecka te ctiackecsccddvadsvien 197 

EORB (Exclusive Or Byte Data of Source Register to 
Data in Memory) ..........:ceeeeeeeeeerteeeeeees 217 

EXTSB (Sign Extend from Byte Data to Word Data) 


LDUB (Load Byte Data in Memory to Register) 
Heubinne Sabsevaastauadbaetasusevads His 306, 308, 310 
ORB (Or Byte Data of Source Register to Data 
IN M@MOTY)........eeeeeeeeeeeseeee eee eeeeeeeeeenees 360 
STB (Store Byte Data in Register to Memory) 
Stuateuedaiubusbsuatuussstadaaasesoaucass 394, 396, 398 


XCHB (Exchange Byte Data)... eee 420 
Byte Order 

Byte Order itsccctetecicarasi dive ivetehintensdadeecaiicated 13 
Cc 
CALL 

CALL (Call Subroutine) ..........0.ccceeeesseeeees 157, 159 
CALL:D 

CALL:D (Call Subroutine).............c:c:eeeee 161, 163 
Carry Bit 

ADDC (Add Word Data of Source Register and Carry 

Bit to Destination Register) .............2+ 111 
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Condition Code Register (CCR).......:::::000 21,23 
CMP 
CMP (Compare Immediate Data and Destination 
REGISUED) actvesesitned riecitvevevss udataecenecvenets 165 
CMP (Compare Word Data in Source Register and 
Destination Register)..........:c:scceeeeeeeees 167 
CMP2 (Compare Immediate Data and Destination 
REGIStED) siceseees. tecevatestivacuscesdtinetenvie teens 169 


Condition Code Register 
ANDCCR (And Condition Code Register and 


Immediate Data) .............0cccceeeeesseeeeeeees 127 
Condition Code Register (CCR).......:::::::eeeeee 23 
ORCCR (Or Condition Code Register and Immediate 
Data) ecehevdecuederebteietetceeseneid tated tie 362 
Correction 
DIV2 (Correction When Remain is 0)...........::00 177 
DIV3 (Correction When Remain is 0)...........:000 179 
DIVAS (Correction Answer for Signed Division) 
De chiiteCeavvnehctetetstaatte teeutnae Meuatticadusuentcned 181 
CPU 
Features of FR80 Family CPU ...........eeeeeesesseeeeeeeees 2 
FR80 Family CPU Register Configuration ............ 16 
D 
Data Access 
Data Access at: stvetixesinivzasscsdoeravaie betet rast ineeene: 14 
Data Structure 
Data-Structites. xis aieaticeeeviectse detec iaee! 12 
Dedicated Registers 
Configuration of Dedicated Registers ..............0+ 19 
Dedicated Registers ...........c::ssscceceeeeeeeeeeeeeenneaaees 19 
Delay Slot 
Branching Instructions and Delay Slot... 97 
Delayed Branching 
Delayed branching processing..............::0:eeeee 78 
Delayed Branching Instruction 
Delayed Branching Instructions ...........0.0.0cee 97 
Example of processing of delayed branching 
INSHUCH ON sjcccceeck iets baths eseedchhideene Dele lateaed 79 
Specific example of Delayed Branching Instructions 
wavdahaad angeuaavaay ducuih dacenqdseaetabdiwerneuedetsguaaess 98 


Destination Register 
ADD (Add 4bit Immediate Data to Destination 


REGIStED) vie. seiieugeiiaehevdedieedevieenectecedracs 105 
ADD2 (Add 4bit Immediate Data to Destination 
REBIStED). 24. ccntiadnteceedettievdetiatebonntderveriens 109 
ADDN (Add Immediate Data to Destination Register) 
Pitan decades evade cei Gdven teevaevianchatet Pea Hee 113 
ADDN2 (Add Immediate Data to Destination 
Repister):.siiacsagieeleied ett eteeiae: 117 
CMP (Compare Immediate Data and Destination 
RESIS(ED) si aiesiansciideceawies denteyedneatecsivars 165 
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CMP2 (Compare Immediate Data and Destination 


RESISTED) 2.5 siceed cirinasaadeseasee igedteuectycasiaes 169 
LDI:8 (Load Immediate 8bit Data to Destination 
REGIStED) i iescaedeeet peraavgianeecnnscaeeteesegexscss 300 
Direct Address 
Direct Address Area .......:cccccccccesneeeeeeeeasenseeeeeeeeaaes 8 


DMOV (Move Word Data from Direct Address to 
Post Increment Register Indirect Address) 
wcities stbin Veiety sas suays faa dvaued suave veces ana vatet bans 187 

DMOV (Move Word Data from Direct Address to 
Pre Decrement Register Indirect Address) 


aAsSioecsa cease hacecacaystawcaa dren anheneeressaonsévenae 191 
DMOV (Move Word Data from Direct Address to 
RE SISKED) wis ss cant inniascadiuaascae chai itaueetudarzaee 183 


DMOV (Move Word Data from Post Increment 
Register Indirect Address to Direct Address) 


seticuGangevduerununouteeh tiecvareacuadyaderticeaneeennecd 189 
DMOV (Move Word Data from Register to Direct 
AdOreSS) iceteasigectl teiveceatimsepecvianerdeu tute 185 


DMOVB (Move Byte Data from Direct Address to 
Post Increment Register Indirect Address) 


sovedgiatestadunaacebadstieacneduahanae ydead taneiedeaaats 199 
DMOVB (Move Byte Data from Direct Address to 
REGISCEL) 2 isscnccganevasadastesnenndeiatecsestaavedsd 195 
DMOVB (Move Byte Data from Register to Direct 
AdreSS) .....cccccceseeseeeeceaeaaeeeeeeeeaaaaeeeees 197 
DMOVH (Move Halfword Data from Direct Address 
tOIRESISLEL) siciess crepes ucneiendaandaes ceteedenevecae 203 


DMOVH (Move Halfword Data from Direct Address 
to Post Increment Register Indirect Address) 


daeglteboadashdobuavevaaesbidvcacutbbesttecantaaesteceeaee 207 
DIV 

DIVOS (Initial Setting Up for Signed Division) 

Borge ske ede cene suit tense ake atee octane aaron tac 171 
DIVOU (Initial Setting Up for Unsigned Division) 

Lye sk asad nee iv same soane wun eases ataun aves abaeeaeaae 173 
DIV1 (Main Process of Division)...........:2::0:00008 175 
DIV2 (Correction When Remain is 0) ............005 177 
DIV3 (Correction When Remain is 0) ...........0006 179 
DIVAS (Correction Answer for Signed Division) 

wa ehivendeassiabatiees dee Searduca ds thetenede; tase seeed baad 181 

Division 

DIVOS (Initial Setting Up for Signed Division) 

LubasGsi cde teawutaseat salates be cuabay beecats Saute Suet ew 171 
DIVOU (Initial Setting Up for Unsigned Division) 

Jeitaveacdachtiatenets sudeudes ceestestsdacksthadgecectiicd 173 
DIV1 (Main Process of Division)...........:s:000ceeee 175 
DIVAS (Correction Answer for Signed Division) 

s thy ecadeauauadivbliels eatetiantedulelvaslodiaweeloats 181 
Signed Division........c.ccceeeeeeeseeeneeeeeeeeeeeeeeees 100 
Step Division Instructions ...........:0:ssceeeeeeeeeeeeees 100 
Unsigned Division ..........ccscceseeeeeeseesncneeeeeeeeees 101 
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DMOV 


BEORL (Eor 4bit Immediate Data to Lower 4bit of 


DMOV (Move Word Data from Direct Address to Byte Data in Memory) ..........::eeseeeeeeeees 147 
Post Increment Register Indirect Address) EOR (Exclusive Or Word Data of Source Register to 
paad skveanndeaavuaauiedancednaddseaadecdevadeaDonige deeds 187 Destination Register) ......:::eeeeeee 215 
DMOV (Move Word Data from Direct Address to EOR (Exclusive Or Word Data of Source Register to 
Pre Decrement Register Indirect Address) Data in Memory)..........:::ssseeeeeeeeeeeeeees 213 
asbheviareebevtueatvevenreameudebhmenentchbelucttl aida 191 EORB 
DMOV (Move Word Data from Direct Address to EORB (Exclusive Or Byte Data of Source Register to 
Register) wth s bias oY nya & srarmin Anca b Sree oy Whine acetachia Beale emcerala 1 83 Data in Memory) Ain ete ATOR Cb erbh Mae ttn oF Ne a 8 217 
DMOV (Move Word Data from Post Increment EORH 
Register Indirect Address to Direct Pee EORH (Exclusive Or Halfword Data of Source 
Peer eer ee ere ere ee ere re reer rer ree ree ere trees 5 Register to Data in Memor shdeivivevieese PAOD 
DMOV (Move Word Data from Register to Direct Exeention MY 
INCOEOSS \az'vccareetseeanccues iecnatees Shclevaugelices 185 p ; . 
DMOVB Exception Processing ......::cssccsccsseeeeeeseeesesnenneeeeees 48 
: Exchange 
DMOVB (Move Byte Data from Direct Address to 
Postiuciemient Regier Indivect Address) aoe (Exchange Byte Data)............:::cseeeeeeeeeees 420 
saiiahsaenedwaasaacutedah ance ns dursenagsdelasanoayag naaes 199 Exclusive Or 
DMOVB (Move Byte Data from Direct Address to EOR (Exclusive Or Word Data of Source Register to 
RESISCER) i, 2st cance vecntes eazasucdeaisedcenenerende 195 Destination Register) ........ss1ssssseese 215 
DMOVB (Move Byte Data from Post Increment EOR (Exclusive Or Word Data of Source Register to 
Register Indirect Address to Direct Address) Data = Memory) ant aieiaa Wintas a ayajuis ay Miah elaratanjasa'e'atatars 213 
dif gai the vaueobheberesghenamonderecsecventahanemedartane; 201 EORB (Exclusive Or Byte Data of Source Register to 
DMOVB (Move Byte Data from Register to Direct Data " Memory) dardiaiatele wissbapa(aisin adie vidiale’s’eeears a1eta® 217 
ACCESS) aaeseaalieertiaiaghdadabesstiteenseiiecetens 197 EORH (Exclusive Or Halfword Data of Source 
DMOVH Register to Data in Memory) .............4. 219 
DMOVH (Move Halfword Data from Direct Address Extend ; 
tOURESISLER) 5. Ss secshicetecensiieuslenteneaeserreat 203 EXTSB (Sign Extend from Byte Data to Word Data) 
DMOVH (Move Halfword Data from Direct Address . 7 Pore eP errr e err rerrrrerrrerrrrerrrrerrrrerrrerrrrrrrnr 221 
to Post Increment Register Indirect Address) EXTSH (Sign Extend from Byte Data to Word Data) 
Soe, crt trtceacntasate Ra ter Sopa 207 hesteebedhiseubbedn thee bee abdecbuuenpaiebiateeh eS 
DMOVH (Move Halfword Data from Post Increment EXTUB (Unsign Extend from Byte Data to Word 
Register Indirect Address to Direct Address) Data) aja nn w-ninea’e encarta ats mrates arable arature erenntera eta werent 225 
eateecesdastd casted aeuipic cat oateecctudh oak 209 EXTSB 
DMOVH (Move Halfword Data from Register to EXTSB (Sign Extend from Byte Data to Word Data) 
Direct Address) ete hee eI oe he ar ee we 205 eee eee reer eer ere rere rere rere rere rer 221 
EXTSH 
E EXTSH (Sign Extend from Byte Data to Word Data) 
Bie. eee ota g Brean ettnetaattece ttc ap mite 223 
‘ Bava . EXTUB 
as i Serene yg pT ae . EXTUB (Unsign Extend from Byte Data to Word 
Multiple EIT Processing..........::::::::s:seseeeeeeeeeeeeees 60 i eres ae 
Multiple EIT processing and Priority Levels.......... 60 EXTUH : 
Priority Levels of EIT Requests ............:0::sseeeeeees 61 EXTUH (Unsign Extend from Byte Data to Word 
Recovery from EIT Processing MALSASPAL TASTE Lb 82 SAN 45 Data) daisia'eidlereswlepaisie el ele: Wald die Wels Sa:eiaissa Wed clare'aleiticielesiovWerad 227 
Types of EIT Processing and Prior Preparation 
Shain had sess ecenidsnsetciasaseatea bagzetaoaatt 43 F 
Emulator FABSs 
INTE (Software Interrupt for Emulator) i cta(ataiatorn avacaas 273 FABSs (Single Precision Floating Point Absolute 
ENTER ValUG) eviccstderstnthredeecerieeasatetitiedeceeb bins 229 
ENTER (Enter Function)............:cc:ssssssseseeeeeeeees 211 FADDs 
EOR FADDs (Single Precision Floating Point Add) 
BEORH (Eor 4bit Immediate Data to Higher 4bit of aneeeeeeeeeeeeeeeteennteaeeeeeeeeeeeeeteeaeaeeaeeeeeess 230 
Byte Data in Memory)........:.:::csseseeeeees 145 
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FBcc (Floating Point Conditional Branch)........... 232 
FBcc:D (Floating Point Conditional Branch 
with Delay Slot) .........eeeceeeeseeeeeeeeeeeees 234 
FCMPs 
FCMPs (Single Precision Floating Point Compare) 
subcee tied sineshastict stenacredbeessevertehvinaroaes 236 
FDIVs 
FDIVs (Single Precision Floating Point Division) 
bate tacnedwagnia eddudanaacenddernauaesdeeibansdoregiaacs 238 
First One bit 
SRCH1 (Search First One bit position distance From 
MSB) sisse intended cetitleningh duttrecaerraess 375 


First Zero bit 
SRCHO (Search First Zero bit position distance From 


MISB)) si ccstoteecctiitecstrixtstus Wustnbtedecnateend 373 
FiTOs 
FiTOs (Convert from Integer to Single Precision 
Floating Point)..........eeeessseneeeeeeeeees 240 
flag 
Timing when the interrupt enable flag (1) is requested 
scatter taeavennsbsanenugrancedseseimeciutenemmentereharaxts 63 
FLD 
FLD (Load Word Data in Memory to Floating 
Re piSten):cisoisc: 2385685 fakes davai Saale cage teats 247 


FLD (Single Precision Floating Point Data Load) 
Shia sheds dendveateaadiunse 242, 243, 244, 245, 246 


FLDM 
FLDM (Single Precision Floating Point Data Load to 
Multiple Register)............eesesseeseeeeeeeees 248 
FMADDs 
FMADDs (Single Precision Floating Point Multiply 
and Ad) fi ii.se2 GscescasetestsovsaSaetacaaavacee dew 250 
FMOVs 
FMOVs (Single Precision Floating Point Move) 
audiut ras heduvavagadvevioGacdetsedSelntevdvavancuadeianes 252 
FMSUBs 
FMSUBs (Single Precision Floating Point Multiply 
anid: Subtract) vicsite ee a eee edad 253 
FMULs 
FMULs (Single Precision Floating Point Multiply) 
siovgagnesanaqaaagagaadanleied icdeeanaasnasaseaenayigeeaas 255 
FNEGs 
FNEGs (Single Precision Floating Point sign reverse) 
suhind taeiringedpsbaccuebtndsesderecenyvetustanewetet ace) 257 
Format 
Instruction Formats ...........:c::esseceeeeeeeeeeeeeeeeenneaaees 87 
Formats 
Addressing Formats ............::s:scceccseeeeeeeseeseenneaaees 86 
Instructions Formats .........:.::c:scceceeeeeeeeeeeeeenseaaees 85 
Instructions Notation Formats ...........00..00cee 85 
FR Family 
Changes from the earlier FR Family .........e 4 
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FR81 Family 
Features of FR81 Family CPU...........c:cceseeeeeeeeeeeees 2 
FR81 Family CPU Register Configuration............ 16 
FSQRTs 
FSQRTs (Single Precision Floating Point Square 
ROO) Pex che saveaveed cneaeantarnenedisnscantowie tas 258 
FST 


FST (Single Precision Floating Point Data Store) 
eae eaaaeh ged tes 259, 260, 261, 262, 263 
FST (Store Word Data in Floating Point Register to 


MEI OLy )recniadevsersentsveevierienedereanasesien 264 
FSTM 
FSTM (Single Precision Floating Point Data Store 
from Multiple Register) «0.0... 265 
FsTOi 
FsTOi (Convert from Single Precision Floating Point 
tO INGE SEL) so csededt ies teivsevnecdscteensecesevenene 267 
FSUBs 
FSUBs (Single Precision Floating Point Subtract) 
weve ssvahitaeuelvebavegs sexe lan ebutaiteurlatcantevebens 269 
G 
General Interrupt 
General interrupts ..........ccceeseceeeeeeeeeeeeesneaeeeeeeeees 53 
General-purpose Registers 
Configuration of General-purpose Registers.......... 17 
General-purpose Registers.............cccccceeeeeeeeeeeee 17 


Interlocking produced by reference to R15 and 
General-purpose Registers after Changing 


the Stack flag (S flag) 0.0.0... cseeeeeeeees 75 
Special Usage of General-purpose Registers ......... 18 
H 
Half Word Data 
Half Word Data.......eeccccceeesssceeeeeeeeaeeeeeeennaeeeeeeeaas 12 


Halfword Data 
ANDH (And Halfword Data of Source Register to 


Data in Memory)..........:::sssceseeeeeeeeeeeees 129 
DMOVH (Move Halfword Data from Direct Address 
tOTRESISKED) 32: ececvsecdansnetcacceetiiaiectenssonct 203 


DMOVH (Move Halfword Data from Direct Address 
to Post Increment Register Indirect Address) 


DMOVH (Move Halfword Data from Post Increment 
Register Indirect Address to Direct Address) 


DMOVH (Move Halfword Data from Register to 
Direct Address) ........ccccsssseeeeeeeeaneneeeeees 205 

EORH (Exclusive Or Halfword Data of Source 
Register to Data in Memory) .............4.5 219 

LDUH (Load Halfword Data in Memory to Register) 
fetta ceed aaunanvuagechsteiseateacuaateet 313, 315, 317 
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MULUH (Multiply Unsigned Halfword Data) 


aihhsheenaeunidadsdueil asuee teal raneamedesiaeasadstiaaaes 352 
ORH (Or Halfword Data of Source Register to Data 
IN. MEMOLY,)iinsscisesacessesesaosinachdeeanteanteees 364 


STH (Store Halfword Data in Register to Memory) 
wilshiahtageideacetapehiaeetatabicceteay 401, 403, 405 


hazard 
Occurrence of register hazard..........0....:0:eee 74 
Register hazards civ sicccidesseensdseeiaarkideveeagesces eens 74 
l 


STILM (Set Immediate Data to Interrupt Level Mask 

RESIS(ED) iticacecdueghsnedaissaaceaetegsaeeeadnrvess 408 
Increment Register 

DMOV (Move Word Data from Post Increment 
Register Indirect Address to Direct Address) 
aaibabvabsaielidsabadaaatancadees eteecsetetence’ 189, 193 

DMOVB (Move Byte Data from Post Increment 
Register Indirect Address to Direct Address) 


Indirect Address 
DMOV (Move Word Data from Direct Address to 
Post Increment Register Indirect Address) 
s ddyviidida ede eediageavauh Wee dde et bo cdatanidnecaweeanee 187 
DMOV (Move Word Data from Post Increment 


satisctastceetenGuvddteat oncetunevtaateauiesdaneeters iusdady 63 Resistor IndivectiAddicss to Direct AddrAS) 
DEN SP th toe vu deel «,.. . cette 1 -a .. . Sirebernttrcalees sheen ted tac 189 
Interrupt Level Mask Register (ILM).........::::0:00 22 
: : Instruction 
Immediate 20bit Data : ; ae “INT Instructions.......... cece cece ee eee eee eeeee ee ee ened 57 
LDI:20 (Load Immediate 20bit Data to Destination Branching Instructions and Delay Slot............0.00.. 97 
RESISLEL) Sisceis seteee caeetdeassasyinceeseadedenaeans 296 Delayed Branching Instructions ....c..scsssssesseeeeseees 97 
Immediate 32 bit Data Example of branching with non-delayed branching 
LDI:32 (Load Immediate 32 bit Data to Destination TASUEUCHIONS 2 e¢cassaseiteczaseaatcssebessk ccceaencites 78 
REGISED) ccseeartietivaceeytcotigecuustitarectete thang 298 Example of processing of delayed branching 
Immediate 8bit Data ANSHUCHON cc vcidisiteedesengecltieeeicedevess Toaaves 79 
LDI:8 (Load Immediate 8bit Data to Destination Instruction execution based on Pipeline................ 70 
REGISUED) iat dee.tedeacecasestastavarteecectenvvend 300 INTE Instruct ness astscceansccddeveabanetacvnett cctesiaenadts 57 
Immediate Data Non-Delayed Branching Instructions... 99 
ADD (Add 4bit Immediate Data to Destination Read-Modify-Write type Instructions ...........:::000 96 
Reps ethan ean casted 105 Specific example of Delayed Branching Instructions 
ADD2 (Add 4bit Immediate Datato Destination Css rae en ene ennannaeeaeaeaeeeeeeenceeeaeeaeaeaeeaeeeaeeess 98 
Resistor, ices uote aa le 109 Step Division Instructions ...........::cccccceeeeeeeeeeeees 100 
ADDN (Add Immediate Data to Destination Register) Instruction Format 
asuguydunldveligdekeeui eile ccused eect Metadata vance 113 Instruction Formats..........::::cccccceeeeeeeeeeeeeeeeeeeeeeees OF 
ADDN2 (Add Immediate Data to Destination Instructions Formats .............::ccceceeeeeeeeeeeeeeeeeeeeaes 85 
RGSIS(EL) i iictcceeitin hate ii iaeciel eae idee 117 Instruction System 
ADDSP (Add Stack Pointer and Immediate Data) Instruction System. ...........:ccccceeeeceeeeeeeeeeeeeeeeeeeeees 82 
eee settereeeenneeeenreeeeneeeanieeseeceensee | 1 9 Instructions Notation Formats 
BANDH (And 4bit Immediate Data to Higher 4bit of Instructions Notation Formats...............00cee 85 
Byte Data in Memory)........:.::cceeeeeeeeees 137 INT 
BANDL (And 4bit Immediate Data to Lower 4bit of ue 53 F 
f INP Instruction S isis oc ictenee essieievee se sdecetartbdcadevee ee 57 
Byte Data in Memory)........:::::::eeeeee 139 INT (Software Interrupt) 074 
BEORH (Eor 4bit Immediate Data to Higher 4bit of 
Byte Data in Memory)..........:::eeeeeeeeees 145 INTE 
BEORL (Eor 4bit Immediate Data to Lower 4bit of INTE (Software Interrupt for Emulator) ............. 273 
Byte Data in Memory)....ecssssecseeeseeeerees 147 INTE Instruction ............0c cece eee 57 
BORH (Or 4bit Immediate Data to Higher 4bit of Byte Interlocking 
Data in Memory) .......c:esecececeseeeeeeeeeeene 149 Interlocking vgecaticess ail nate vel evatidee yea dees 75 
BORL (Or 4bit Immediate Data to Lower 4bit of Byte Interlocking produced by reference to R15 and 
Data in Memory) .........::0:::eeeeeeeeeeeeeeees 151 General-purpose Registers after Changing 
CMP (Compare Immediate Data and Destination the Stack flag (S flag) ......... ee 75 
RESIStED) ices depsadven Hie evavaa died d vadeetiaveiues 165 Interrupt 
CMP2 (Compare Immediate Data and Destination General interrupts ..............00 tte teeters 53 
Register) .2i.c.ceieienceciiig tile 169 INT (Software Interrupt) ...........:::::::eeeeeeeeeeeeees 271 
ORCCR (Or Condition Code Register and Immediate INTE (Software Interrupt for Emulator) ............. 273 
Data) cinveaitivtivas atv sa, tedivatianiedcans 362 INterrilpts eevee ccigids eas in aaeiie ere iaevan ards 53 
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wuilhd sawed sdurvusaeauvalsaceceeedsnaceuadutaneoedentiannanny 73 
Non-maskable Interrupts (NM]).........::::eeeeeeeeeee 55 
Pipeline Operation and Interrupt Processing .......... 73 
Points of Caution while using User Interrupts........ 66 
Preparation while using user interrupts ...........00. 65 
Processing during an Interrupt Processing Routine 

wide ali dedeodsleaauaydacaeeninegeadsdededassleanacdaseees ead? 66 
RETI (Return from Interrupt)...........:::::eeeee 370 
Usage Sequence of User Interrupts ..................0005 65 


interrupt enable flag 
Timing when the interrupt enable flag (1) is requested 


Lisp ghahii Faweh saan uthlTaevacteesvavssuielsonneleceseuralve 63 

Interrupt Level Mask Register 
Interrupt Level Mask Register (ILM)...........::0:006 22 
Timing of Reflection of Interrupt Level Mask Register 
(TEM) "i sie ceeeehecierensstaeeusaei teed i canerseeheest 64 


Interrupt Processing Routine 
Processing during an Interrupt Processing Routine 


avih an saugadaee Stevitcacwceusht Agree cata acbecut a1 66 
J 
JMP 
IMP. (ump) yas setis eee ee ee 275 
JMP:D 
IMP: (Jump) heptieeesvesecctigsdeetenetelere tetrastveens died 277 
Jump 
JMP (JUMP) «0.22... cece eee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 275 
JMP:D (Jump): cesccseccehsagerteaseaiadeaeieeadebeessanes 277 
L 
LCALL 
LCALL (Long Call Subroutine) ...........:ee 279 
LCALL:D (Long Call Subroutine) 00.0.0... 280 
LD 
LD (Load Word Data in Memory to Program Status 
RESISED) 2A aesthetic ceavievaevevedecteiieteats 294 
LD (Load Word Data in Memory to Register) 
sievethies 281, 283, 285, 287, 289, 291, 292 
LDI:20 
LDI:20 (Load Immediate 20bit Data to Destination 
REGIStEE) sei cua etivige tkashente ieeutnntedectivhcees 296 
LDI:32 
LDI:32 (Load Immediate 32 bit Data to Destination 
RESIStED) isc gtievecavdgestvessde acu cetieeieces 298 
LDI:8 
LDI:8 (Load Immediate 8bit Data to Destination 
RESISUED) sistecausceiteccceceetasieioatereieainriees 300 
LDM 
LDM0 (Load Multiple Registers) .............c cee 302 
LDM1 (Load Multiple Registers) ............ceeeee 304 
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LDUB 
LDUB (Load Byte Data in Memory to Register) 
siuten apna viedebbvavarativaguexes 306, 308, 310, 312 
LDUH 
LDUH (Load Halfword Data in Memory to Register) 
sdupiaaaahadaiataaedayaxsiaeetnetes 313, 315, 317, 319 


LEAVE 

LEAVE (Leave Function) .........:ccccceceesssseeeeeeeees 320 
Load 

LD (Load Word Data in Memory to Program Status 


RE GISLEL) sie. hecdeddiaves aida vacreaededahegvus sedans 294 
LD (Load Word Data in Memory to Register) 
siunebandeseunete 281, 283, 285, 287, 289, 292 
LDI:20 (Load Immediate 20bit Data to Destination 
REGIStEL) tinge tiadic cin vgecein enna 296 
LDI:32 (Load Immediate 32 bit Data to Destination 
RESiStEL) siisciditiesadeneividedeeltenedaceenveestees 298 
LDI:8 (Load Immediate 8bit Data to Destination 
RESIStED) cA ucadesstea desea inercicgede qe eve 300 
LDM0O (Load Multiple Registers) ..........:cceeeee 302 
LDM1 (Load Multiple Registers) ........... eee 304 
LDUB (Load Byte Data in Memory to Register) 
Setevavauvauiaia vs leet eee ud skal tate 306, 308, 310 
LDUH (Load Halfword Data in Memory to Register) 
aides rap tuay deus dudeeviedandusdsudedaders 313, 315, 317 
Logical Shift 
LSL (Logical Shift to the Left Direction) 


LSL2 (Logical Shift to the Left Direction) .......... 326 
LSR (Logical Shift to the Right Direction) 


LSL 
LSL (Logical Shift to the Left Direction) 


LSL2 (Logical Shift to the Left Direction).......... 326 


LSR 
LSR (Logical Shift to the Right Direction) 


MDH 
Multiplication/Division Register (MDH, MDL) 


MDL 
Multiplication/Division Register (MDH, MDL) 


MOV 
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Program Status Register) ........ cee 342 OR 
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MGB ceeds soca ceiat bette ee 373 BORL (Or 4bit Immediate Data to Lower 4bit of Byte 
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Multiple EIT processing and Priority Levels.......... 60 ORCCR 
: : ORCCR (Or Condition Code Register and Immediate 
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LDMI (Load Multiple Registers) ......ce:ssse1ss+eee+: 304 ORH 
STMO (Store Multiple Registers) .......ss:ssssesee- 410 ORH (Or Halfword Data of Source Register to Data 
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Multiply Program Counter (PC) ........0ccceeceeeeeeseeeeeeeees 20 
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MULU Pointer 
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MULUH (Multiply Unsigned Halfword Data) Post 
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DMOVB (Move Byte Data from Direct Address to 
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Non-maskable Interrupts (NMI) ........-eseeeeeeeeeeeeeeee 55 199 
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ST (Store Word Data in Program Status Register to 


WMCIIORY) cis aaeetivttigedtartsadd deenetedetvartcent 392 
PS 
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RET 
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RET:D 
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RET:D (Return from Subroutine)............0.cccccee 368 
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AND (And Word Data of Source Register to Data Stack flag 
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Destination Register)............ 334, 336, 340 STILM 
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Special Usage SUB 
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WIS Bi) Ari cas suesedseddesaccceunen ngtterpetcatrnstvad 373 
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Unsigned Halfword Data 
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Data in Memory) ..........eseeeeesseeneeeeeeeees 213 
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SUBN (Subtract Word Data in Source Register from 

Destination Register) 0.0.0... ceeeeeeeeee 418 
Word; Datatyen acsected nb citte cases cox tineteriiieenene: 12 
XCHB (Exchange Byte Data).......... eee 420 


FUJITSU MICROELECTRONICS LIMITED 473 


FR81 Family 


474 FUJITSU MICROELECTRONICS LIMITED CM71-00105-1E 


CM71-00105-1E 


FUJITSU SEMICONDUCTOR * CONTROLLER MANUAL 
FR81 Family 

32-BIT MICROCONTROLLER 

PROGRAMMING MANUAL 


August 2009 the first edition 


Published FUJITSU MICROELECTRONICS LIMITED 


Edited Sales Promotion Dept. 


